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Serum contains many different types of antibodies that are specific for 
many different antigens. Even in hyperimmune animals, seldom are 
more than one-tenth of the circulating antibodies specific for one 
antigen. The use of these mixed populations of antibodies creates a 
variety of different problems in immunochemical techniques. There- 
fore, the preparation of homogeneous antibodies with a defined 
specificity was a long-standing goal of immunochemical research. This 
goal was achieved with the development of the technology for hybrid- 
oma production. 

The first isolation of a homogeneous population of antibodies came 
from studies of B-cell tumors. Clonal populations of these cells can be 
propagated as tumors in animals or grown in tissue culture. Because 
all of the antibodies secreted by a B-cell clone are identical, these 
tumor cells provide a source of homogeneous antibodies. Unfortunate : 
ly, B-cell tumors secreting antibodies of a predefined specificity cannot 
be isolated conveniently. 

In the animal, antibodies are synthesized primarily by plasma cells, 
a type of terminally differentiated B lymphocyte. Because plasma 
cells cannot be grown in tissue culture, they cannot be used as an in 
vitro source of antibodies. Kohler and Milstein (1975) developed a 
technique that allows the growth of clonal populations of cells secret- 
ing antibodies with a defined specificity. In this technique an antibody- 
secreting cell, isolated from an immunized animal, is fused with a 
myeloma cell, a type of B-cell tumor. These hybrid cells or hybridomas 
can be maintained in vitro and will continue to secrete antibodies with 
a defined specificity. Antibodies that are produced by hybridomas are 
known as monoclonal antibodies. 



Monoclonal antibodies are powerful 
immunochemical tools 

The usefulness of monoclonal antibodies stems from three characteris- 
tics-their specificity of binding, their homogeneity, and their ability to 
be produced in unlimited quantities. The production of monoclonal 
3^ antibodies allows the isolation of reagents with a unique, chosen 

specificity. Because all of the antibodies produced by descendants of 
one hybridoma cell are identical, monoclonal antibodies are powerful 
r reagents for testing for the presence of a desired epitope. Hybridoma 

t cell lines also provide an unlimited supply of antibodies. Even the most 

1£ farsighted researchers have found that large supplies of valuable 

jf. antisera eventually run out. Hybridomas overcome these difficulties. 

II In addition, one unique advantage of hybridoma production is that 

|f impure antigens can be used to produce specific antibodies. Because 

% hybridomas are single-cell cloned prior to use, monospecific antibodies 

j| can be produced after immunizations with complex mixtures of an- 

tigens. 

4. Hybridomas secreting monoclonal antibodies specific for a wide 

range of epitopes have been prepared. Any substance that can elicit a 
humoral response can be used to prepare monoclonal antibodies. Their 
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. * +n ^rhohvdrates to nucleic acids, 
specificities range from P«*™£ ^~re time-consuming and 
However, monoclonal "n^" a ^ b "d ies , and they are not neces- 
costly to prepare than polyc ^^™J u ^ che mical techniques. In 
sarily the best choice ™ ations or as pools, monoclonal 

theory, either as single antibody pr epar ^ benefit from 

antibodies can be used f "^* e S practice, however, producing 
the use of polyclonal antibodies. in . ften a difficult and 

exactly the right set of ^^-^c^ tit they need these 
laborious job. Researchers should be _ cer bridoma cell line s. 

types of reagents **™*J" { ^£™Y^&te3 and some general 
Table 6 1 summarizes some of the uses 01 * 
Suggestions for choosing the best reagents. 



Hybridomos are immortal somatic cell hybrids that 

secrete antibodies CTrfmns worked on different 

in the early ^ 70 ? V S "u£ ™« of ^SSSy-secSsting cells in vitro For 
.. methods to extend the life span o . anx y by applyin g 

murine cells, the practical aspects of fugi two cells, each 
techniques used in somatic cell 8*^J sful y hybrid cell line, Kohler 
having properties necessary _for 'J?™**^^ ce ll lines could be 
. and Milstein (1975) showed L that ^J 0 ^ Th J tw0 cells that are 
established routinely and maintained in v t anti body-secreting 
commonly used- as partners ™***fj™°™ d myeloma cells. The 
cells isolated from im u mumze t r ^ e a s 1 f or continued cell division in 
SMSS %£5££&&» --vide the functional 

successful fusion: (1) finding appropriate system 

jM CellS " 
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Technique 
Cell Staining 
Immunoprecipitation 

Immunoblots 

Immunoaf finity 
Purification 

Immunoassays 
Labeled Antibody 

Labeled Antigen 



Usually good 
Usually good 
Usually good 

Poor 

Difficult 
Usually good 



Monoclonal 
antibodies 



Antibody dependent 
Antibody dependent 
Antibody dependent 

Antibody dependent 
Good 

Antibody dependent 



Pooled monoclonal 
antibodies 



Excellent 
Excellent 
Excellent 

Poor 

Excellent 
Excellent 
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Myelomas from BALB/c mice are good cells for 
fusion 

Myelomas can be induced in a few strains of mice .by injecting mineral 
oil into the peritoneum. Many of the first examples of these myelomas 
were isolated from BALB/c mice by Potter (1972), and these cells are 
referred to by the abbreviation MOPC (for mineral oil plasmacytoma). 
Derivatives of BALB/c myelomas have become the most commonly 
used partners for fusions. Table 6.2 lists some of the myeloma cell 
lines used for hybridoma construction. Myelomas have all the cellular 
machinery necessary for the secretion of antibodies, and many secrete 
these proteins. To avoid the production of hybridomas that secrete 
more than one type of antibody, myelomas that are. used for fusions 
have been selected for the lack of production of functional antibodies. 
Figure 6.1 shows the derivation of many of the commonly used 
myeloma cell lines. 

The other cell for the fusion is isolated from immunized animals. 
These cells must carry the rearranged immunoglobulin genes that 
specify the desired antibody. Because of the difficulties in purifying 
cells that can serve as appropriate partners, fusions are normally 
performed with a mixed population of cells isolated from a lymphoid 
organ of the immunized animal. Although a number of studies have 
helped to characterize the nature of this B-cell-derived partner, the 
exact state of differentiation of this cell is still unclear. 

Hybridomas can be prepared by fusing myelomas and antibody- 
secreting cells isolated from different species, but the number of 
viable hybridomas increases dramatically when closely related species 
are used. Therefore, fusions are normally done with cells from the 
same species. All commonly used mouse strains can serve as success- 
ful fusion partners with BALB/c myelomas; however, immunizations 
are normally done in BALB/c mice, as this allows the resulting hybrid- 
omas to be grown as tumors in this mouse strain. 



Polyethylene glycol is the most commonly used 
agent to fuse mammalian cells 

In theory, the fusion between the myeloma cell and the antibody- 
secreting cell can be effected by any fusogen. In practice, hybridoma 
fusions became routine after the introduction of the use of poly- 
ethylene glycol (PEG). The use of PEG as a fusing agent for mam- 
malian cells was first demonstrated by Pontecorvo (1975), and was 
quickly adopted by somatic cell geneticists. PEG is the method of 
choice for hybridoma production, allowing the rapid and manageable 
fusion of mammalian cells. 

PEG fuses the plasma membranes of adjacent myeloma and/or 
antibody-secreting cells, forming a single cell with two or more nuclei. 
This heterokaryon retains these nuclei until the nuclear membranes 
dissolve prior to mitosis. During mitosis and further rounds of divi- 
sion, the individual chromosomes are segregated into daughter cells. 
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Because of the abnormal number of chromosomes, segregation does 
not always deliver identical sets of chromosomes to daughter cells, 
and chromosomes may be lost. If one of the chromosomes that carries 
a functional, rearranged immunoglobulin heavy- or light-chain gene is 
lost, production of the antibody will stop. In a culture of hybridoma 
cells, this will be seen phenotypically as a decrease in antibody titer 
and will result in unstable lines. If the chromosome that is lost 
contains a gene used in drug selection (see below), then the growth of 
the hybridoma will be unstable, and cells will continue to die during 
selection. In practice, the selection for the stable segregation of the 
drug selection marker is so strong that within a short time the 
hybridoma is either lost completely or a variant is isolated that stably 
retains the selectable marker. 




BALB/c MOUSE 



| Mineral Oil Injection 1 



MOPC 21 (Carried as Tumor) 




P3-X63 Ag 8 N S 1/1- Ag4-1 




X63-Ag8.653 Sp2/OAg14 FOX-NY NSO/1 



| Fuse with Self 7 
FO 

FIGURE 6.1 

Myeloma family tree. l Potter (1972); 2 Horibata and Harris (1970); 3 Kohler 
and Milstein (1975); 4 Kearney et al. (1979); 5 Kohler and Milstein (1975); 
6 Shulman et al. (1978); 7 de St. Groth and Scheidegger (1980); 8 Kohler et al. 
(1976); 9 Taggart and Samloff (1982); 10 Galfre and Milstein (1981). 
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Unfused myeloma cells are eliminated by drug 

Se ' eC,i0n E ve n m the most f^^S^^^^^ 

cells from the ™™™ ed o k However the myeloma 

culture, and s o do ^not conf use J r^^^ H ° u8t be killed . Most 
cells are well adapted to tissue cuitu selection . Commonly, 

hybridoma constructions achieve this oy ar ^» sc pn , vmes of the 

a ceil une u«w. ,^ OTT x Thp addition of any compound that blocks 

HPRT ant £5? X func™HPRT will be able to grow. 
Sections ar^common" done with aminopterin, methotrexate, or 

azaserine (Fig. 6.2). 



NORMAL CELL 




Viable 



HPRT- CELL 




Viable 
HPRT" CELL 




Nonviable 



FIGURE 6.2A 

Pathways of nucleotide synthesis. 
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FIGURE 6.2B 

Drug selection for viable hybridomas. 
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m PRODUCTION OF MONOCLONAL ANTIBODIES PWWmW^^ 

Although hybridomas can be prepared from animals other than mice, 
all of the techniques below use mice as examples. Similar techniques 
can be used for fusions of rat myelomas and rat antibody-secreting 
cells. More specialized fusions using interspecies crosses or human 
cells are discussed briefly on p. 240 and 241, respectively. 



3 Stages of Hybridoma Production 

Figure 6.3 outlines the steps in the production of monoclonal antibod- 
ies. Animals are injected with an antigen preparation, and once a good 
humoral response has appeared in the immunized animal, an appropri- 
ate screening procedure is developed. The sera from test bleeds are 
used to develop and validate the screening procedure. After an appro- 
priate screen has been established, the actual production of the hybrid- 
omas can begin. Several days prior to the fusion, animals are boosted 
. with a sample of the antigen. For the fusion, antibody-secreting cells 
' are prepared from the immunized animal, mixed with the myeloma 
cells, and fused. After the fusion, cells are diluted in selective medium 
and plated in rrrultiwell tissue culture dishes. Hybridomas are ready to 
test beginning about 1 week after the fusion. Cells from positive wells 
are grown and then single-cell cloned. Hybridoma production seldom 
takes less than 2 months from start to finish, and it can take well over a 
year. It is convenient to divide the production of monoclonal antibodies 
into three stages: (1) immunizing mice, (2) developing the screening 
procedure, and (3) producing hybridomas. Any one of these stages 
may proceed very quickly, but all have inherent problems that should 
be considered prior to the start of the project, and these areas are 
discussed separately below. 
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FIGURE 6.3 

Stages of hybridoma production. 
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IMMUNIZING MICE 



Figure 6.4 shows a typical antibody response to multiple injections 
with a good immunogen. Also included in this figure is a description of 
the characteristics of a typical monoclonal antibody that might be 
isolated following one of the immunizations. Although this simplified 
view can only serve as a rough guide, it does give an indication of the 
potential time frame for the production of antibodies with particular 
properties. 

Chapters 4 and 5 discuss in detail both the theoretical and practical 
aspects of immunizing laboratory animals. 



IgM IgG 

Multivalent, Bivalent, 

Low affinity, Low to 

Non-protein A medium affinity, 

binding Protein A binding 



IgG 

Bivalent, 
Medium to 
high affinity, 
Protein A binding 



IgG 

Bivalent, 
High affinity, 
Protein A binding 




Secondary 
injection 



Tertiary 
injection 



Primary 
injection 

FIGURE 6.4 

Kinetics of a typical immune response 



Multiple 
boosts 
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■ Dose and Form of the Antigen 

The amount of antigen necessary to induce a good immune response 
will depend on the individual antigen and host animal (see Chapter 5). 
Suggested doses for mice are summarized in Table 6.3. 

Soluble Proteins 

Soluble protein antigens can yield strong responses and good mono- 
clonal antibodies with doses of as low as 1 fig/ injection. More common- 
ly, injections are adjusted to deliver 10-20 fxg. If the antigen is 
available in large quantities, 50 jxg should be used. Except for special 
cases it is seldom worthwhile to use more than 200 /xg of a protein 
antigen per injection. Even if the antigen is not pure, the total dose 
should not normally exceed 500 ^g. When highly conserved proteins 
are being used to raise antibodies, it is often necessary to modify these 
antigens prior to injection. This can be done by covalently adding 
small immunogenic haptens to proteins. Modifying proteins by binding 
them to large immunogenic proteins such as the hemocyanins has also 
been shown to be an effective way of breaking T cell tolerance. These 
methods are discussed in detail in Chapter 5. 
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Particulate Proteins 

In general, particulate antigens make excellent immunogens, because 
they are readily phagocytosed (see Chapter 4). Soluble proteins may be 
converted to particulate antigens by self-polymerization or by binding 
them to solid substrates such as agarose beads (p. 528). Large insolu- 
ble antigens should not be injected intravenously (iv) due the possible 
development of embolisms. 

Proteins Produced by Overexpression 

Recent advances in recombinant DNA technology have made the 
production of many protein antigens simple. Overexpression of fusion 
proteins or full-length polypeptide chains using both prokaryotic and 
eukaryotic vectors has become routine. These proteins are often excel- 
lent antigens and can be produced in large quantities. They normally 
present few problems for the production of monoclonal antibodies. 
These proteins can be purified and injected as soluble or insoluble 
antigens (p. 88). 

Synthetic Peptides 

A second source of immunogens, based on the availability of a coding 
sequence, is the in vitro synthesis of peptides. Synthetic peptides, 
when coupled to carrier proteins such as bovine serum albumin or 
keyhole limpet hemocyanin, normally elicit a strong humoral response. 
Constructing these carrier complexes and the production of anti- 
peptide sera are described in Chapter 5 (p. 73). Using peptide-carrier 
protein complexes for the production of monoclonal antibodies normal- 
ly is done only for specific reasons. Because these peptides are rela- 
tively short, many of the advantages of monoclonal antibody specifici- 
ty are lost. Monoclonal antibodies do provide two advantages over 
polyclonal anti-peptide sera. The first is that the source of the antibod- 
ies will be unlimited, and the second is that monoclonal antibodies may 
be more useful in immunoaffinity purifications. Like all immunizations 
using peptide antigens, the major difficulty will be in preparing anti- 
bodies that will bind to the native protein. 

Live Cells 

A number of studies have used live cells as immunogens for generat- 
ing antibodies to surface antigens. Except in unusual circumstances, 
injections of cells should not include live bacteria or yeast. Although 
mice are normally capable of killing and clearing bacteria and yeast 
infections, the possibility of infecting an entire mouse colony is too 
great to risk these types of injections. 

Although large numbers of hybridomas have been prepared to sur- 
face antigens of mammalian cells, these antibodies may be of low 
affinity and care should be taken to ensure that the immune response 
includes antibodies that will be useful in later studies. When raising 
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gents, including proteins in bovine serum. 
Nucleic Acids 

Nudeic acids normally are ^tf^^J'S'&SZ 
usually are raised against small haptens bound t > * {0 

monoclonal antibodies are being raised. 
Carbohydrates 

Simple carbohydrates usually are 

pounds should be coupled to carn ^r?fresDonse but often without a 
v urates ( > 50.000) ^^^^^S^. so the inject- 
secondary response. High doses readily in immunogen s are best 



TABLE 6.4 

Routes of Injection 



Intraperitoneal 



Uses 



Primary injections 
and boosts 

Good 



Final 
boost 



Maximum 
volume 




Subcutaneous 



sc 



Good 



Poor 



0.2 ml 



Intravenous 



IV 



Poor 



Good 



0.2 ml 



Intramuscular 



Intradermal 



Lymph node 



im 



id 



Not recommended 

for mice 
Not recommended 

for mice 

Special uses 



0.1 ml 
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or equivalent. Coupling these larger carbohydrates to carrier proteins 
can be beneficial. For glycoproteins, the polypeptide backbone can 
function as an effective carrier. 



Route of Inoculation 

Table 6 4 gives a summary of the potential routes of introducing an 
antigen into mice. Most injections for hybridoma production are done 
in female mice, because they are somewhat easier to handle than male 



mice. 



Prior to beginning an immunization, contact your local safety and 
animal committees for advice on animal care and handling, local 
regulations, and proper procedures for immunization. 



Adjuvant 



+ /- 



+ /- 



No Freund's 



at. 



No Freund's 



Immunogen 
requirement 



Soluble/or 
insoluble 

Soluble/or 
insoluble 

Soluble, 

Ionic detergent <0.2% 
Nonionic detergent <0.5% 
Salt <0.3 m 
Urea <1 m 



Soluble/or 
insoluble 



Comments 



If used for final 
boost, wait 5 days 
before fusion 

Local response, 
Serum levels 

slower to increase 

Poor for 
immunizing 



Good applications 
for experienced 
workers 



Route 



Intraperitoneal 



Subcutaneous 



Intravenous 



Intramuscular 
Intradermal 
Lymph node 
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COMMENTS a Immunizations 



There are several points that are important in designing an immunization regime 
that will produce the appropriate monoclonal antibodies. 

. Choose the appropriate animal or strain for the desired antibody. Important points 
£ consider are (1) tolerance, (2) amount of antigen available, and (3) specific 
properties (including ease of purification) of the resultant antibodies. (See Chap- 

t6r if ^preflrencelnlhe choice of animal is dictated, then start the immunizations 
in female BALB/c mice (6 weeks old). In general, mice are cheaper to maintain, 
are easier fo handle, and will respond to lower antigen levels than other laboratory 
animah In addition, BALB/c x BALB/c hybridomas can be grown as ascites m 
BALB/c mice (see p. 274). This can be valuable both in the production of large 
oWitie! Tof monoclonal antibodies and in the eradication of contaminating mi- 
croorganisms from cultures of hybridoma cells grown in vitro. 
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• Individual animals, even from the same genetic background, will often respond to 
identical antigen preparations in completely different ways. Therefore, immuniz- 
ing more than one animal is a major advantage. In addition, laboratory animals 
occasionally die, so starting immunizations with several animals may save valu- 
able time. 

• Hyperimmunization (multiple immunizations with the same antigen) will yield 
antibodies with higher affinity for the antigen, especially when the immunizations 
are widely spaced over a period of weeks to months (see Chapter 5). However, 
multiple immunizations will not continue to increase the number of epitopes that 
are recognized. 

• Except in unusual circumstances, do not start the fusion until the serum from the 
test bleed contains antibodies with the desired specificity. This may mean exten- 
sive testing of the serum in a number of assays, but do not expect to recover 
antibody activities from the fusion that are not found in the test serum. 

• If the animal responds weakly or not at all, consult Chapter 5 for suggestions. 
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INTRAPERITONEAL INJECTIONS— WITH ADJUVANT 

Intraperitoneal injections (ip) are the most commonly used method for 
introducing antigens into mice. Because of the large volume of the 
peritoneal cavity, the volume of the immunogen can be larger for ip 
injections than for other sites. Also because the injections do not 
deliver the antigen directly into the blood system, particulate antigens 
can be used. 

Caution Freund's adjuvants are potentially harmful. Be careful 
during preparation and injection. 

1. The antigen should be dispersed in approximately 250 ^1 of buffer. 
Draw the solution into a 1.0-ml syringe. Draw an equal volume of 
Freund's adjuvant into a second syringe. For a primary immuniza- 
tion the adjuvant should be complete Freund's (see p. 98). Complete 
Freund's should be vortexed before use to resuspend the killed 
Mycobacterium tuberculosis bacteria. All other injections should be 

' in incomplete Freund's. 

2. Aqueous antigen solutions and oil-based adjuvants are immiscible, 
but when mixed will form an emulsion. This is most easily done by 
pushing the mixture between the two 1-ml syringes via a two- or 
three-way valve as shown in Figure 6.5. Remove all air from both 




FIGURE 6.5 

Preparing Freund's adjuvant for injection. 
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syringes before connecting to the valve. Make sure the connections 
are tightened securely. Depress the plunger on the syringe contain- 
ing the aqueous antigen solution first. Push the mixture between the 
two syringes until it becomes difficult to continue (approximately 
10-20 times). Then push the emulsion into one syringe. Remove the 
valve and the other syringe, and place a 23- or 25- gauge needle on 
the syringe. Displace any air that may be held in the barrel or in the 
needle by carefully depressing the plunger until the emulsion 
reaches the needle. 

3. Hold the mouse as shown in Figure 6.6. Inject the antigen-adjuvant 
emulsion into the peritoneal cavity. 



i. If the volume of the antigen solution is small (100 ju.1 or less), the emulsion 
between the Freund's and aqueous solutions may be prepared by vortex- 
ing or sonicating in a 1.5-ml conical tube. 

ii. Plastic syringes may be difficult to use when preparing the emulsion; 
therefore, most workers use glass syringes (glass disposable syringes 
with luer locks are best). 

iii. Freund's adjuvants can be replaced by other adjuvants (see p. 96). 



NOTES 




FIGURE 6.6 



Intraperitoneal injection of a mouse. 
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INTRAPERITONEAL INJECTIONS— WITHOUT ADJUVANTS 



Intraperitoneal injections can also be used to deliver live cells into the 
peritoneal cavity. These immunizations normally are used to introduce 
live mammalian cells into mice and prepare anti-cell-surface antibod- 
ies. In general, adjuvants should not be used. 

1 Cells should be washed extensively in PBS or other isotonic solu- 
tions prior to injection to remove as many extraneous proteins as 
possible. For example, many of the components of bovine serum are 
highly immunogenic, and if they are injected with the cells, can be 
antigenically dominant. Even washed cells will have a large number 
of extraneous proteins bound to the plasma membrane If this 
remains a problem, it may be necessary to transfer the cells to low 
serum, serum-free medium, or mouse serum prior to the injection. 

2 The cells should be taken up in 500 ,*1 of PBS and injected using a 
: 25-gauge needle. Hold the mouse as shown in Figure 6.6. 

3. Inject the cells into the peritoneum. 



NOTES 

.i. Normal doses of mammalian cells will be between 10 s and 10 7 cells/ 
injection. 

ii Because of potential infections of the mouse colony injections of live 
viruses, bacteria, or fungi normally are not recommended. These antigens 
are commonly killed or inactivated prior to injection. 
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free amino groups t0 f ^L U oling are discussed on p. 528. Alter c 
beads. The met hods for ~£>£* ith adjuvant as described on p. 158 
pling the beads are injected P^ ^ . y because the chance 
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INTRAPERITONEAL INJECTION — NITROCELLULOSE 

Protein antigens can be bound to nitrocellulose and injected or im- 
planted into the peritoneum. Two approaches can be used. If the entire 
piece of nitrocellulose will be implanted, the subcutaneous route is 
suggested (see p. 166). For intrapertioneal injections, the nitrocellu- 
lose should either be fragmented or dissolved. 

Caution Freund's adjuvants are potentially harmful. Be careful 
during preparation and injection. 

1. Incubate a solution of the antigen (no more than 1.0 mg/ml in PBS) 
with a sheet of nitrocellulose (0.1 ml/cm 2 ) at room temperature for 
1 hr in a humid atmosphere. For some more abundant antigens or 
partially purified antigens, the proteins can be transferred directly 
from an SDS-polyacrylamide gel using standard blotting techniques 
(see p. 479). 

2. Wash the sheet three times with PBS. 

3. Either: Drain'the paper well and freeze at -70°C for 10 min (liquid 
nitrogen also works well). Transfer to a clean, cold mortar and 
pestle and quickly grind the paper into small pieces. Remove the 
plunger from a 1.0-ml syringe, and transfer the pieces into the 

' barrel. Use 250 /xl of PBS to help in the transfer. 

Or: Allow the nitrocellulose to dry completely. Remove *he plunger 
from a 1.0-ml syringe. Push the nitrocellulose (use pure nitrocellu- 
lose without acetate) to the bottom of barrel. Reinsert the plunger 
and depress completely. Draw up 125 yl of dimethylsulfoxide into 
the syringe. Alllow to sit at room temperature for 30 min. Draw up 
125 jjJ of PBS. 

Or: Allow the nitrocellulose to dry completely. Remove the plunger 
from a 1.0-ml syringe. Push the nitrocellulose (use pure nitrocellu- 
lose without acetate) to the bottom of the barrel. Push the luer lock 
of the syringe into a three-way valve with the valve opening to the 
syringe closed. Add 250 ^1 of acetone to the syringe. Tap the 
syringe several times to mix the acetone with the nitrocellulose. 
Leave the syringe open and allow to dry (several hours). Remove 
the three-way valve and replace the plunger. Push the plunger to 
the end and draw 250 Ail of PBS into the syringe. 

4. Draw 250 fxl of Freund's adjuvant into a second syringe. For a 
primary immunization the adjuvant should be complete Freund's. 
(Complete Freund's should be vortexed before use to resuspend the 
killed Mycobacterium tuberculosis bacteria.) All other injections 
should be in incomplete Freund's. 
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5. The nitrocellulose mixture and the oil-based adjuvant are immis- 
cible, but when mixed will form an emulsion. This is most easily done 
by pushing the mixture between the two 1-ml syringes via a two- or 
three-way valve as shown in Figure 6.5. Remove all air from both 
syringes before connecting to the valve. Make sure the connections 
are tightened securely. Depress the plunger on the syringe contain- 
ing the PBS solution first. Continue to push the mixture between the 
two syringes until it becomes difficult (approximately 10-20 times). 
Push the emulsion into one syringe. Remove the valve and the other 
syringe, and place a 23- to 25-gauge needle on the syringe. Displace 
any air that may be held in the barrel or in the needle by carefully 
depressing the plunger until the emulsion reaches the needle. 

6. Hold the mouse as shown in Figure 6.6. Inject the antigen-adjuvant 
emulsion into the peritoneal cavity. 

NOTES 

i. Plastic syringes may be difficult to use when preparing the emulsion; 
therefore, most workers use glass syringes (glass disposable syringes with 
luer locks are best). 



ii. Freund's adjuvants can be replaced by other adjuvants (see p. 96). 
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SUBCUTANEOUS INJECTIONS— WITH ADJUVANTS 

Subcutaneous injections (sc) are used to deliver soluble or insoluble 
antigens into a local environment that is a good site of lymphoid 
draining. Maximum volumes for sc injections are about one-fifth the 
maximum used for ip injections (100 pA compared to 500 /nl). Subcutan- 
eous injections normally are done at more than one site to help 
ensure that the antigen is detected. 

Caution Freund's adjuvants are potentially harmful. Be careful 
during preparation and i njection. 

1 The antigen should be dispersed in approximately 50-100 /xl per site 
of injection. Take up into a 1.0-ml syringe. Take up an equal volume 
of Freund's adjuvant into a second syringe barrel. For a primary 
immunization the adjuvant should be complete Freund's. (Complete 
Freund's should be vortexed before use to resuspend the killed 
Mycobacterium tuberculosis bacteria.) All other injections should 
be in incomplete Freund's. 

2. The adjuvant, which is oil based, and the aqueous antigen solutions 
are immiscible, but with mixing will form an emulsion. This is most 
easily done by pushing the mixture between the two 1-ml syringes 
via a two- or three-way valve as shown in Figure 6.5. Remove all air 
from both syringes before connecting to the valve. Make sure the 
connections are securely tightened. Depress the plunger on the 
syringe containing the aqueous antigen solution first. Continue to 
push the mixture between the two syringes until it becomes difficult 
to push (approximately 10-20 times). Push the emulsion into one 
syringe. Remove the valve and the other syringe, and place a 23- or 
25-gauge needle on the syringe. Displace any air that may be held in 
the barrel or in the needle by carefully depressing the plunger until 
the emulsion reaches the needle. 

3. Hold the mouse as shown in Figure 6.7. Inject approximately 200 /z.1 
total under the skin. 



NOTES 

i. If the volume of the antigen solution is small (100 fxl or less), the emulsion 
between the Freund's and aqueous solutions may be prepared by vortex- 
ing or sonicating in a 1.5-ml conical tube. 



u. 



Plastic syringes may be difficult to use when preparing the emulsion; 
therefore, most workers use glass syringes (glass disposable syringes are 
best). 



iii. Freund's adjuvants can be replaced by other adjuvants (see p. 96). 
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SUBCUTANEOUS INJECTIONS — WITHOUT ADJUVANTS 



Like the peritoneal injections, subcutaneous (sc) injections that do not 
use adjuvants normally are used for delivering live cells to the mouse. 
This route is often used for tumorigenic cells. 

1. Cells should be washed carefully prior to injection to remove 
proteins from the growth medium. For example, many of the com- 
ponents of bovine serum are highly immunogenic, and, if they are 
injected with the cells, they can be antigenically dominant. Even 
washed cells will have a large number of extraneous proteins bound 
to the plasma membrane. If this remains a problem, it may be 
necessary to transfer the cells to low serum, serum-free medium, or 
mouse serum prior to the injection. 

2. The cells should be resuspended in approximately 100 ^1 of PBS per 
site of injection. Use a 25-gauge needle. 

3. Hold the mouse as shown in Figure 6.7. Inject under the skin. 
NOTES 

i. Normal doses of mammalian cells will be between 10 5 and 10 7 cells/ 
injection. 

ii. Because of potential infections of the mouse colony, injections of live 
viruses, bacteria, or fungi normally are not recommended. These antigens 
are commonly killed or inactivated prior to injection. 





FIGURE 6.7 

Subcutaneous injection of a mouse. 
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SUBCUTANEOUS IMPLANTS— NITROCELLULOSE — 

Protein antigens immobilized on nitrocellulose often make exceptional- 
ly good immunogens. This is probably due to their slow release from 
the paper, thus behaving somewhat like an adjuvant (p 96). Not al 
antigens show increased immunogenicity using this "J* 0 ^ 10 ^;. bu J 
soml do. The antigen is bound to paper and is implanted on the back of 
^mouse's neck a location that makes it difficult for the mouse to 
disturb the surgical clip. 

1 Incubate a solution of the antigen (no more than 1.0 mg/ml in PBS) 
' with a sheet of nitrocellulose (0.1 ml/cm 2 ) at room temperature for 
1 hr in a humid atmosphere. 

2. Wash the sheet three times with PBS. 

3 Anesthetize the mouse by injecting a suitable drug (see Chapter 5, 
d 95) For mice, 0.05 ml of Nembutal ip (sodium pentobarbitone, 

' 40-85 mg/kg)- is appropriate. The mouse will be ready for the 
operation in about 1-2 min. 
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4. Swab the skin on the mouse's back, just below the base of the neck, 
with alcohol. Raise the skin with a forceps and make a 1.5-crn 
incision with sterile scissors. Pull the skin from the inner body wall 
and insert a 0.5-cm 2 piece of the nitrocellulose. Close the incision 
with a skin clamp and return the mouse to its cage. 

5. Take weekly serum samples beginning about 14 days after the 
implant. About 10 days after the serum titer drops, the final boost 
can be given. The final boost will still be an iv injection. 



CHAPTER 6 



INTRAVENOUS INJECTIONS 

Intravenous injections (iv) can be used for two purposes When im- 
munizing mice, their main use will be to deliver the final boost just 
before a hybridoma fusion (p. 210). However, iv injections also are 
useful to ensure that the antigen is seen by the immune system. A 
rapid and strong response can be expected, as the antigen wi be 
collected quickly in the spleen, liver, and lungs. The antigen will be 
processed quickly and no continued release of the antigen into the 
immune system can be expected. Consequently, these types of injec- 
tions produce a short-lived response. . • _• 

Intravenous injections should never be used as primary injections, 
and they must not contain large particulate matter. Because the 
injection will introduce the antigen directly into vital organs, harsh 
chemicals must be avoided. Similarly, adjuvants such as Freund s 
should not be used (p. 96). 

1 Isolate the mouse in a small cage or container. Heat the mouse with 
an infrared lamp. This will increase the blood supply to .the tail, 
making the veins easier to inject. Be careful of the length of time 
the mouse is Teft under the lamp. If it's too hot for your hand, it s too 
hot for the mouse. 

2.. Move the mouse to a restraining device as shown in Figure 6.8. 

3 Swab a portion of the tail with alcohol about 1.5 cm below the base. 
The veins on the tail should be easily visible. 

4 Use a 1.0-ml syringe fitted with a 26- or 27-gauge needle. Hold the 
tail firmly withone hand and guide the needle into one of the vein* 
Gently draw back on the plunger. If the needle is in the vein, there 
will be very little resistance and blood will appear m the barrel If 
therevis strong resistance and no blood appears, the needle is not m 
the vein. Withdraw the needle and move to a second site or to 
another vein. This technique may require a little practice before 
you can hit the vein readily. Practice with injections of PBb. 

5 After you are sure the needle is in the vein, slowly deliver the 
mjection Pause a few seconds, remove the needle, and return the 
mouse to its cage. The antigen should be in solution and l no . adjuvar* 
should be included. Except for specialized injections, the maximum 
amount to give a mouse by this method is 0.2 ml. 
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NOTES 

i. Injection by this route into immunized animals may cause an anaphylactic 
reaction. This can be prevented by a prior injection of an antihistamine. 
Contact your local animal committee for guidance. 

ii. Solutions for iv injections should not contain high concentrations of de- 
naturing agents and should be free of toxic chemicals such as sodium 
azide. 




FIGURE 6.8 

Intravenous injection of a mouse. 
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INJECTIONS DIRECTLY INTO LYMPHOID ORGANS 

These are injections for more specialized delivery of antigens. They 
are often appropriate for small amounts of antigen and particularly for 
secondary or later boosts. In theory, these types of injections may be 
the best methods for giving a final boost, but because they demand 
more skill, they are not in common use. The two most frequently used 
sites of injection are the footpad and the spleen. 

In general, footpad and spleen injections should be done only for 
highly specialized antigens and then only after consulting local au- 
thorities for the proper protocols. 
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S Identifying Individual Mice 



Beginning with the first test bleeds, it is essential to mark the mice so 
that the immune response can be monitored in individuals. There are a 
number of methods that are currently used to identify mice. These 
include ear punches, toe clips, and tail markings. If your animal 
facility has a standard method, consult them for the proper codes. If 
not, an acceptable method that is not harmful to the mice is to color the 
toes of their hindlegs with an indelible marker. This procedure is 
relatively easy, and, because the marks are on the back legs, the mice 
don't seem to work as hard to remove the markings as on other sites. 
Even so, the marks need to be reapplied twice a week. 

If there is a large difference between the responses in individual 
mice, it may be worthwhile to isolate individual mice in separate cages 
to ensure that the proper mouse is given the final boost. 



Except in unusual circumstances, it is seldom worthwhile to fuse 
antibody-secreting cells from animals that do not have a usable titer of 
antibodies in their serum. Periodic test bleeds collected from immu- 
nized animals should be checked for the desired antibodies. Tests are 
run conveniently on small batches of serum prepared from tail bleeds 
of immunized mice. 

The test bleed will yield small samples of polyclonal sera. These sera 
should be tested in assays that will detect the presence of antibodies 
specific for the antigen. These tests are discussed in detail in Chapters 



To make appropriate comparisons in these tests, two practical mat- 
ters need to be considered. First, the test bleeds should always be 
titered to monitor the development of the response. The appropriate 
dilutions will depend on the strength of the response and on the type of 
assay, but in general 1 in 5 or 1 in 10 dilutions will be satisfactory. 
Second, the proper negative control should be another polyclonal 
serum and not an unrelated monoclonal antibody. Most often, this 
negative control will be serum collected either from another uninject- 
ed animal or from an animal that has been boosted with an unrelated 
antigen. Although it is not always necessary, using serum from a test 
bleed collected before immunization of the animal is the best negative 
control. These bleeds are known as preimmune sera. 



a Test Bleeds 



10-14. 
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COLLECTING SERA FROM A MOUSE BY TAIL BLEED 




mOUSe. II US tOO not lUl yum. mv," " ~ . " . 

Place the mouse in a restricted space as shown in Figu 




of blood in a tube and return the mouse to its cage. 

3. Incubate the blood at 37°C for 1 hr. Flick the tube several times to 
dislodge the blood clot. 

4. Transfer to 4°C for 2 hr or overnight. 

5. Spin at 10,000g for 10 min at 4°C. 

6 Remove the serum from the cell pellet. Discard the cell pellet and 
' spin the supernatant a second time for 10 min. Remove the serum, 

being careful to avoid the packed cell pellet. 

7 Add sodium azide to 0.02% and test. Any remaining serum may be 
frozen at -20°C. The yield is approximately 100-200 fj.1. 
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9 Deciding to Boost Again or to Fuse 

Three factors will influence the decision to proceed with the produc- 
tion of monoclonal antibodies. They all are related to the quality and 
strength of the immune response. First is whether the antibodies 
recognize the antigen of interest. This is the most straightforward of 
the factors and the simplest to determine. The second is a complicated 
set of properties of the antibodies themselves and the strength of the 
immune response. These properties are manifested as different titers 
of antibodies and different affinities of the antibody for the antigen. 
The third factor is the appearance of spurious antibody activities 
against unrelated antigens. 

In many cases the tests will be relatively easy, and the interpretation 
apparent. First, the sera should be checked for antibodies that bind to 
the immunogen itself. For example, if a purified antigen is used, sera 
could easily be tested for activity in a simple antibody capture assay 
(p. 175), or if whole cells are used then testing for binding to the cell 
surface should be done first (p. 184). However, if the monoclonal 
antibodies will be used for tests other than these simple assays, test 
bleeds should be checked in assays that resemble, as closely as 
possible, the tests for which the antibodies are being prepared. For 
many antibodies, the most useful test will be the immunoprecipitation 
of the antigen (p. 429). This assay is easy when only testing a few 
samples, and it will identify antibodies that will be useful in a large 
number of tests that depend on binding to the native antigen. If, 
however, the antibodies will be used extensively in immunoblot anal- 
yses, in immunohistochemical staining, or in other tests in which many 
antibodies may fail to work, these tests should be run as well. 

Second, sera should also be monitored for the concentration of 
specific antibodies by titering the test bleeds in the appropriate assays. 
As the immune response matures, higher levels of specific antibodies 
will be found. However, higher levels of antibodies do not necessarily 
mean higher affinities. If high affinity is crucial to the intended use of 
the antibody, the sera should be titered and compared in assays that 
are sensitive to antibody affinity, such as immunoprecipitation. 

The third factor to consider is the appearance of antibody activities 
against extraneous antigens. This response may be directed against 
other antigens in your preparations or may be a response to other 
antigens in the mouse's environment, including invasion by a 
pathogenic organism. If the mouse is ill, do not proceed with hybrid- 
oma construction. Isolate the mouse in a separate cage and allow it to 
recover before continuing. If a particularly valuable antigen is being 
used, more care and veterinary help may be needed. If the antibody 
activities are to contaminating antigens in the immunogen, a decision 
must be made whether to proceed. In general, making monoclonal 
antibodies against complex and multicomponent antigens is a very 
useful way of isolating specific immunochemical probes, particularly 
when the antigen is difficult to purify further. However, if the re- 
sponse against the other antigens continues to increase without a 
concomitant strengthening of the response to the desired antigen, 



other approaches may need to be taken. Either other mice should be 
tested (other individuals or other strains) or the antigen may need to 
be purified further before proceeding. 

DEVELOPING THE SCREENING METHOD M""""^™"™™ 

Because most hybridoma cells grow at approximately the same rate, 
the tissue culture supernatants from all the fusion wells usually are 
ready to screen within a few days of one another. This means that 
screening is normally the most labor-intensive segment of hybridoma 
production. Care in developing the proper screen will help to keep the 
amount of work needed to identify, positive wells to a minimum. 

Approximately 1 week after the fusion, colonies of hybrid cells will 
be ready to screen. During the screening, samples of tissue culture 
media are removed from wells that have growing hybridomas and are 
tested for the presence of the desired antibodies. Successful fusions 
will produce between 200 and 20,000 hybridoma colonies, with 500- 
\000 colonies being the norm. Depending on the fusion, individual 
wells will become ready to screen over a 2- to 6-day period. Typically, 
the first wells would be ready to screen on day 7 or 8, and most of the 
wells will need to be screened within the next 4 or 5 days. 

A good screening procedure must: (1) reduce the number of cultures 
that must be maintained to a reasonable level (seldom more than 50 
cultures at one time), (2) identify potential positives in 48 hr or less (24 
hr or less is ideal), and (3.) be easy enough to perform for all the 
needed wells. Positive wells may be as rare as 1 in 500 or as common 
as 9 out of 10. Several screening steps can be combined to identify the 
desired clones, as long as the first screen reduces the tissue culture 
work to a manageable level. After the first round of screens, handling 
the tissue culture necessary for 100 wells is difficult for one person, 50 
wells is reasonable, and less than 20 is relatively simple. 



All screening procedures must be tested and validated before the 
fusion has begun. After the fusion, there is seldom enough time to 
try out new ideas or to refine methods. The test bleeds should be 
used to set up and test the screening assay. 
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■ Screening Strategies 



There are three classes of screening methods, antibody capture as- 
says, antigen capture assays, and functional screens. Currently, most 
screens are done by either antigen or antibody capture, but as func- 
tional assays become easier to use, more fusions will be screened by 
these methods. Table 6.5 depicts several of the more common screen- 
ing techniques. 

In general, the more antigens in the immunizing injections, the more 
difficult the screen. Researchers with pure or partially pure antigens 
should use methods for antibody capture. If the subcellular location of 
an antigen is known, positive tissue culture supernatants can be 
identified by cell staining. If the immunizations used complex antigen 
solutions, procedures such as immunoprecipitation or other antigen 
capture assays may be the only alternatives. 

In addition to the tests described below, any of the assays used for 
analyzing antigens can be adapted for use as a screen (see Chapters 



Antibody capture assays are often the easiest and most convenient of 
the screening methods. In an antibody capture assay the following 
sequence takes place: the antigen is bound to a solid substrate, the 
antibodies in the hybridoma tissue culture supernatant are allowed to 
bind to the antigen, the unbound antibodies are removed by washing, 
and then the bound antibodies are detected by a secondary reagent 
that specifically recognizes the antibody. In this assay the detection 
method identifies the presence of the antibody, thus determining a 
positive reaction. 

Most antibody capture assays rely on an indirect method of detect- 
ing the antibody. This is commonly done with a secondary reagent 
such as rabbit anti-mouse immunoglobulin antibodies. These antibod- 
ies can be purchased from commercial suppliers or can be prepared 
by injecting purified mouse immunogloblins into rabbits (see p. 622). 
The rabbit antibodies can be purified, labeled with an easily detectable 
tag (pp. 288 and 319), and used to determine the presence of mouse 
monoclonal antibodies. 

Alternatively, positives can be located by other reagents that will 
bind specifically to antibodies. Two proteins that may be used for these 
reactions are protein A and protein G (see p. 615). Both of these 
polypeptides are bacterial cell wall proteins that have high affinities 
for a site in the Fc portion of some antibodies. Protein A and protein G 
can be purified and labeled with an appropriate tag. 



10-14). 



■ Antibody Capture Assays 
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TABLE 6.5 

Methods for Screening Hybridoma Fusions 



Method 



Antibody 
Capture 



Examples 



PVC wells 



Nitrocellulose 



Whole cells 






Antigen 
Capture 



Permeabilized cells 




Ab/Ag in solution q 



Ab/Ag on solid phase 



Functional 



Blocking 




v 



Depletion 
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Advantages 



Disadvantages 



Easy 
Rapid 



Need pure or partially 

pure antigen 
Doesn't discriminate 

between high- and low-affinity Ab 



Relatively easy 
Doesn't need pure Ag 
Learn Ag locale 



Ag prep can be tedious 
Doesn't discriminate 

between high- and low-affinity Ab 



Only detect 

high-affinity Ab 



Unless you have 
pure labeled Ag, 
assay is tedious 
and slow 



Rapid 



Need pure labeled Ag 
Setting up solid phase 
is tricky 



Ab immediately 
useful 



False positives 
Potentially tedious 



Ab immediately 

useful 
Only detect high 

affinity Ab 



Tedious 
Ag must be 
limiting 



It the antigen is a Pro^in *at is availaMe in Urg-nojj* s^t biots 
S^'r?'^^?™ Permed on a si„ g ie sheet; 
therefore, the manipulations are st mp j in lace of nitro . 

sheefs "tiv"" to dot Its. They are discussed 

on pp. 180 or 182. 

• -1 0 / m i is added to a nitrocellulose 
!. A protein solution of at least ^ the paper for 1 hr. 

sheet at 0.1 ml cm . Allow ^the pr tern ^ make 

Higher concentrations of proteins . g nQt Umlting) 

r 0 =s - Ni — lose can 

^approximately 100 „g of protein per cm . 
' 2. Wash the nitrocellulose sheet three times in PBS. 

, „e -xoi rcja in PBS with 0.02% sodium 

3. Place the sheet in a solution of 3% BS A m ^ ^ ^ pBS 
azide for 2 hr to overnight. To store the s , storage, 
and place at 4°C with 0.02% s°dmm azi^ for % ^ 

. shake off excessive moisture from the sheet, co 
and store at -70°C. 

4. Piace the wet sheet on a ^^^rtr^ 
pencil in 3-mm squares. Cut ott enougn y v 



assays 



temperature in a humid atmosphere for 30 mm. 

Along with diiutions of norma, ---- - ffiS 3 
the mouse serum from *e last test d strength of 

the test sera are essential to contro correctly numerous ^ti- 
the positive signals. Mouse sera therefore will give a 
bodies to different regions of th ;™^£ 0 a dy . Therefore, dilutions 
stronger signal than a ^^^^loclor^ antib^es vnll 

-fear 0 ****** S ^ 

Quickly wash the sheet three times with PBS, then wash two times 

for 5 min each with PBS. 



Hawkes (1986) 



m 
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7 Add 50 000 cpm of l25 I-labeled rabbit anti-mouse immunoglobulin 
' per 3-mm square in 3% BSA/PBS with 0.02% sodium azide (about 

2.0 ml/cm 2 ). 

8 After 30-60 min of incubation with shaking at room temperature, 
' wash extensively with PBS until counts in the wash buffer approach 

background levels. 

9. Cover in plastic wrap and expose to X-ray film with a screen at 
-70°C. 



NOTES 

i The types of bonds that hold protein to nitrocellulose are not known^ 
' However, the binding is blocked by oils or other proteins. Wear gloves and 

use virgin nitrocellulose sheets. For short- or long-term storage, do not 
leave the paper in buffers containing other proteins. Slow exchange 
occurs and this will lower the strength of the signal. For long-term 
storage, freeze the paper in plastic wrap at -70°C. 

ii In all of the antibody capture assays, the method for detecting the 
' antibody can be substituted with other techniques. Most techniques em- 

olov either 12S I-labeled rabbit anti-mouse immunoglobulins or horseradish 
neroxidase-labeled rabbit anti-mouse immunoglobulins. For nitrocellulose 
tests using enzyme-linked reagents, only substrates that yield insoluble 
products should be used (p. 681). Both enzyme- and US ^ eled ^ e ff h e ^ s 
can be purchased from commercial suppliers or prepared in the lab (p. 
319) If the detection method uses horseradish peroxidase "^.f" 
12S I-labeled rabbit anti-mouse immunoglobulin, sodium azide will block 
the development of the color. 

In all the assays in which proteins are bound to nitrocellulose or poly- 
vinylchloride, the remaining binding sites on the solid support must be 
blocked by adding extraneous proteins. Solutions that are commonly used 
include 3% BSA/PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry 
milk/PBS, or 1% gelatin/PBS. There are conflicting reports in the litera- 
ture as to the best reagents to use, and this may reflect differences in 
suppliers or slight differences in techniques. Test several and use what- 
ever works best for you. If the blocking solutions are prepared in advance 
and stored, sodium azide should be added to 0.02% to prevent bacterial or 
fungal contamination. 



iii. 
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ANTIBODY CAPTURE IN POLYVINYLCHLORIDE WELLS— 

125 1 DETECTION* 

Antibody capture assays in polyvinylchloride (PVC) plates are one of 
the most commonly used assays. Each well serves as a separate assay 
chamber, but because they are molded together the manipulations are 
simple. Two variations of these techniques are listed here, one for 12S I 
detection and one for enzyme-linked assays (p. 182). Both are easy and 
accurate. The radioimmune assay is easier to quantitate, but the 
enzyme assay is adequate for most purposes and avoids the problems 
of radioactive handling. 

1. Prepare a solution of approximately 2 fjig/ml of the antigen in 10 
mM sodium phosphate (pH 7.0). Higher concentrations will speed 
the binding of antigen to the PVC, but the capacity of the plastic is 
only about 300 ng/cm 2 , so the extra protein will not bind to the 
PVC. However, if higher concentrations are used, the protein 
solution can be saved and used again. Many workers prefer to use 

' 50 mM carbonate buffer (pH 9.0) in place of the phosphate buffer. 

2. Add 50 fxl oFantigen to each well. Incubate at room temperature 
for 2 hr or overnight at 4°C. 

3. Remove the contents of the well. If the solution will not be saved, it 
* can be removed by aspiration or by flicking the liquid into a 

suitable waste container. 

4. Wash the plate twice with PBS. A 500-ml squirt bottle is con- 
venient. 

5. Fill the wells with 3% BSA/PBS with 0.02% sodium azide. Incubate 
for at least 2 hr at room temperature. 

6. Wash the plate twice with PBS. 

7. Add 50 fxl of the tissue culture supernatant. Incubate 1 hr at room 
temperature. 

8. Wash the plate twice with PBS. 

9. Add 50 fj.1 of 3% BSA/PBS containing 50,000 cpm of 125 I-labeled 
rabbit anti-mouse immunoglobulin to each well. Incubate 1 hr at 
room temperature. ( 125 I-Labeled reagents can be purchased or 
prepared as described on p. 324.) 



•Adapted from Catt and Tregear (1967); Salmon et al. (1969). 
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10. Wash the plate with PBS until there are no more counts in the wash 
buffer. 

11. Either cut the wells apart and count in a gamma counter or expose 
the entire plate to film. 

NOTES 

i. In all the assays in which proteins are bound to nitrocellulose or poly- 
vinyichloride, the remaining binding sites on the solid support must be 
blocked by adding extraneous proteins. Solutions that are commonly used 
include 3% BSA/PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry 
milk/PBS, or 1% gelatin/PBS. There are conflicting reports in the litera- 
ture as to the best reagents to use, and this may reflect differences in 
suppliers or slight differences in techniques. Test several and use those, 
that work best for you. If the blocking solutions are prepared in advance 
and stored, sodium azide should be added to 0.02% to prevent bacterial or 
fungal contamination. 

ii. Antigen-coated plates can be prepared in advance and stored. After the 
blocking solution has been removed, store at -70°C. 



ANTIBODY CAPTURE IN POL YVIN YL CH L OR I DE WELLS — 
ENZYME- LINKED DETECTION* 



As an alternative to using 125 I-labeled reagents for antibody capture 
assays in polyvinylchloride (PVC) plates (p. 180), enzyme-linked as- 
says can be employed. The assay is performed identically to the 
125 I-labeled assay except the detection methods are changed. 

1 Prepare a solution of approximately 2 jug/ ml of the antigen in 10 
' mM sodium phosphate (pH 7.0). Higher concentrations will speed 
the binding of antigen to the PVC, but the capacity of the plastic is 
only about 300 ng/cm 2 , so the extra protein will not bind to the 
PVC However, if higher concentrations are used, the protein 
solution can be 'saved and used again. Many workers prefer to use 
50 mM carbonate buffer (pH 9.0) in place of the phosphate buffer. 

2. Add 50 ^1 of antigen to each well. Incubate at room temperature 
>- for 2 hr or overnight at 4°C. 

3 Remove the contents of the well. If the solution will not be saved, it 
can be removed by aspiration or by nicking the liquid into a 
suitable waste container. 

4. Wash the plate twice with PBS. A 500-ml squirt bottle is con- 
venient. 

5. Fill the wells with 3% BSA/PBS (no sodium azide). Incubate for at 
least 2 hr at room temperature. 

6. Wash the plate twice with PBS. 

7. Add 50 jul of the tissue culture supernatant. Incubate 1 hr at room 
temperature. 

8. Wash the plate twice with PBS. 

9 Add 50 fj.1 of 3% BSA/PBS (without sodium azide) containing a 
dilution of horseradish peroxidase-labeled rabbit anti-mouse 
immunoglobulin antibody to each well. Incubate 1 hr at room 
temperature. (Horseradish peroxidase-labeled reagents can be pur- 
chased or prepared as described on p. 344. Most commercial rea- 
gents should be diluted 1 in 1000 to 1 in 5000. Try several dilutions 
in preliminary tests and choose the best.) 

10. Wash the plate with PBS three times. 



•Adapted from Catt and Tregear (1967); Salmon et al. (1969); Engvall and Perlmann 
(1972). 
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11. During the final washes prepare the TMB substrate solution. Dis- 
solve 0.1 mg of 3',3',5',5'-tetramethylbenzidine (TMB) in 0.1 ml of 
dimethylsulfoxide. Add 9.9 ml of 0.1 M sodium acetate (pH 6.0). 
Filter through Whatman No. 1 or equivalent. Add hydrogen perox- 
ide to a. final concentration of 0.01%. This is sufficient for two 
96-well plates. (Hydrogen peroxide is normally supplied as a 30% 
solution. After opening, it should be stored at 4°C, where it is stable 
for 1 month.) 

12. After the final wash in PBS, add 50 iA of the substrate solution to 
each microtiter well. 

13. Incubate for 10-30 min at room temperature. Positives appear pale 
blue. 

14. Add 50 Atl of stop solution, 1 M H 2 S0 4 , to every well. Positives now 
appear bright yellow. To quantitate the binding, read the results at 



i. In all the assays in which proteins are bound to polyvinylchloride, the 
remaining binding sites on the solid support must be blocked by adding 
extraneous proteins. Solutions that are commonly used include 3% BSA/ 
PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry milk/PBS, or 1% 
gelatin/ PBS. There are conflicting reports in the literature as to the best 
reagents to use, and this may reflect differences in suppliers or slight 
differences in techniques. Test several and use whatever works best for 
you. 

ii. Antigen-coated plates can be prepared in advance and stored. After the 
blocking solution has been removed, store at -70°C. 



450 nm. 



NOTES 



iii. Do not include sodium azide in solutions when horseradish peroxidase is 
used for detection. 



V -— —— — mm ««H1— 
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ANTIBODY CAPTURE ON WHOLE CELLS- 
CELL- SURFACE BINDING* 



If the subcellular location of an antigen is known, cell staining assays 
can be used to screen hybridoma tissue culture supernatants. Two 
assays are given here, one for cell-surface screening using detection 
with 12S I-labeled reagents and a second for internal localization using 
SSme-labeled reagents. Also, any of the techniques for cell staining 
in Chapter 10 can be adapted for screening. 

1 Prepare a suspension of. target cells at 1-2 x 10 6 cells /ml in 1% 
BSA/PBS with 0.1% sodium azide. If the cell pellets i are particular- 
ly difficult to see, add a drop of a suspension of red blood cells or 
other colored particle that will not interfere with the assay. 

2. Add 100 ptl of the cell suspension to the wells of a V-bottomed 
polyvinylchloride (PVC) plate. 

3 Centrifuge the PVC plate for 5 min at 400g. Many centrifuge 
' manufacturers supply suitable plate carriers for these types of 
assays. 

4. Carefully remove the supernatants by aspiration. 

5 Resuspend the cell pellet without adding any buffer by tapping the 
olate or by using a microshaker. Dispersing the cell pellet is 
important for the rapid binding of antibody to the surface an- 
tigens. 

6. Add 50 /xl of tissue culture supernatant. Incubate at 4°C for 1 hr 
with periodic shaking. 

7. Centrifuge the PVC plate for 5 min at 400g. Remove the tissue 
culture supernatant by aspiration. 

8. Wash the cells twice by resuspending in 200 ^1 of : ice : cold 1% 
BSA/PBS with 0.1% sodium azide and centnfuging the plate. 

9. Add 50 ,a of ice-cold 1% BSA/PBS with 0.1% ^^^^^jse 
ine 50 000 cpm of 12S Mabeled Fab fragment of rabbit anti-mouse 
SiSSoSSi antibodies. Incubate at 4°C for 90 min wuh 
periodic shaking. If the target cells 

Fc portion of immunoglobulins, then 125 I-labeled ™bbit anti ™ouse 
• immunoglobulin antibody may be used in place of the 
fragment. 

-Goldstein et al. (1973); Jensenius and Williams (1974), Morris and Williams (1975): 
Welsh et al. (1975); Galfre et al. (1977); Williams (1977). 
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10. Centrifuge the PVC plate as before. Wash the cells three times 
with ice-cold 1% BSA/PBS with 0.1% sodium azide. 

11. Cut the wells and count in a gamma counter or expose the plate to 
film. 



NOTES 

i. Keeping the cells cold and in the presence of sodium azide throughout this 
procedure will slow the rate of capping and internalization of the surface 
antigens. 

ii. In all of the antibody capture assays, the method for detecting the antibody 
can be substituted with other techniques. Most techniques employ either 
125 I-labeled rabbit anti-mouse immunoglobulin antibodies or enzyme-, 
linked rabbit anti-mouse immunoglobulin antibodies. Both these reagents 
can be purchased from commercial suppliers or prepared in the lab (p. 
321). 



ANTIBODY CAPTURE ON PERMEABILIZED CELLS— 

CELL STAINING* 

One major advantage of using cell staining in hybridoma screens is 
that the assays give an extra level of information. Unlike other anti- 
body capture assays that rely on the simple detection of antibody, cell 
staining also determines the localization. This extra information makes 
cell staining a good assay when using complex antigens. 

Both fluorochrome- and enzyme-labeled reagents can be used to 
detect the presence of the antibodies (see Chapter 10 for more details), 
but if the levels are high enough to be detected using enzyme-labeled 
reagents, enzyme methods should be used. Enzyme-labeled assays can 
be scored by using the light microscope. Scoring assays using the 
fluorescent microscope will give more resolution, but long-term obser- 
vation under this microscope is disorienting for most people. 

1 Grow cells in standard tissue culture conditions on standard tissue 
> culture plates with fetal calf serum. Some staining will be more 
pronounced on subconfluent cells, some on fully confluent cells. 

2. Pour off the medium, and flood the plate with PBS. 

3 Pour off the PBS. Flood the plate with freshly prepared 50:50 
. acetone/methanol mixture. Incubate at room temperature for 5 
min. 

4. Pour off the acetone/methanol, and allow to air dry (approximately 
5 min). 

5 Score the bottom of the plate with a marking pen to form a grid of 
small squares to identify the location of the hybridoma tissue 
culture supernatants. Fifty tests can easily be done on one 100-mm 
tissue culture dish. 

6. Add 2-5 /i.1 of tissue culture supernatant to the fixed and per- 
meabilized cell sheet above the appropriate mark. Incubate for 1 
hr at room temperature in a humid atmosphere. 

7. Wash the entire plate by flooding with PBS. Pour off the PBS and 
repeat three times. 

8. For a 100-mm dish, add 3 ml of rabbit anti-mouse immunoglobulin 
antibody-horseradish peroxidase solution (diluted 1/200 in 3%. 
BSA/PBS) to the plate. Incubate for 1 hr at room temperature. 

9. Pour off and wash three times with PBS. 



•Lane and Lane (1981); see also Chapter 10 for historical and alternative methods. 
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10. During the last wash, dissolve 6 mg of 3,3'-diaminobenzidine in 9 
ml of 50' mM Tris (pH 7.6). A small precipitate may form. Add 1 ml 
of 0.3% (wt/vol) NiCl 2 or CoCl 2 . Filter through Whatman No. 1 
filter paper (or equivalent). This is sufficient for one 100-mm plate. 

11. Add 10 /xl of 30% H 2 0 2 . (H 2 0 2 is generally supplied as a 30% 
solution and should be stored at 4°C, where it will last about 1 
month.) 

12. Add 10 ml of substrate solution per 100-mm dish. Develop at room 
temperature with agitation until the spots are suitably dark. A 
typical incubation would be approximately 1^15 min. 

13. Pour off the enzyme substrate and wash several times with water. 
Store in water with 0.02% sodium azide. 

14. Look for black/brown spots in the marked squares and examine 
positives under the microscope. 

NOTE 

i. Cells grown in calf serum often show high background staining due to 
binding of the second antibody to calf immunoglobulins. 
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m Antigen Capture Assays ^ ^ pres 

In an antigen capture assay s the d|tectio^m ^ 
ence of the antigen. Often this i ; done Dy « havg & h _ gh gf finity 

^ff^™ SeSSi'i. normally added at very low 

differ by the order in which the step a^e™ are bound t0 a solid 
the antibodies in the tissue culture supernatam antibody . 

phase first, and then the ^^^^00^ is allowed to 

5T&^ : £.1SS 

- p e po^^ «* * ^ 

identified by detecting the antigen. 
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Detection of the antigen can be performed by a number of tech- 
niques If the antigen, is available in pure form, it can be labeled by 
radiolabeling, fluorescent tagging, or enzyme coupling. If the antigen 
[tself is an enzyme, positives may be determined by the presence of 
the enzymatic activity. Any property that is unique to the antigen can 
be used to identify positives. 
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ANTIGEN CAPTURE ON NITROCELLULOSE— 

REVERSE DOT BLOT* _ 

Reverse dot blot assays are more complicated to use than many of the 
other screening assays, but they are particularly valuable if pure or 
partially pure antigen is available, although only in limited quantities. 
The monoclonal antibodies in the supernatants are "captured" on an 
antiimmunoglobulin antibody layer, previously bound to nitrocellulose 
or PVC (p. 192 for this variation), and then labeled antigen is added. 
Positives can be determined by the location of the antigen. Because the 
antigen can be labeled to high specific activity with either l25 I or 
enzyme, very little antigen is used in the screening procedure. How- 
ever, the assays are tricky to set up and demand careful use. 

1. Prior to the assay, purify the immunoglobulin fraction from rabbit 
anti-mouse sera using one of the standard methods (p. 288). Purifi- 
cation on protein A beads is probably the easiest for the rabbit 

-v. antibodies. Alternatively, purchase the purified antibodies from a 
commercial source. 

2. Cut nitrocellulose paper to the size of a dot blot apparatus. Add 
rabbit anti-mouse immunoglobulin solution (approximately. 200 /xg 
of purified antibody/ ml in PBS) to nitrocellulose paper. Use 10 

, ml/ 100 cm 2 . Incubate for 60 min at room temperature. 

3. Wash the paper three times with PBS, 5 min for each wash. 

4. Incubate in 3% BSA/PBS with 0.02% sodium azide for 1 hr at room 
temperature. 

5. Load into a 96-well dot blot apparatus. 

" 6. Add 50 Atl of hybridoma tissue culture supernatant to each well. 
Incubate for 1 hr at room temperature.. 

7. Draw the supernatant through the nitrocellulose paper by applying 
vacuum to the bottom chamber of the dot blot apparatus. 

8. Wash the nitrocellulose paper and wells three times with 3% 
BSA/PBS. 

9. Remove the paper from apparatus and incubate with 12S I-labeled 
antigen (10 ml/96-well sheet, 50,000 cpm/well in 3% BSA/PBS) at 
room temperature for 1 hr with shaking. ( 12:5 I-Labeled antigens can 
be prepared as described on p. 324.) 



•Adapted from Wide and Porath (1966); Catt and Tregear (1967); Engvall 
Perlmann (1971); Van Weeman and Schuurs (1971). 
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10, Wash the paper with PBS until counts in the wash buffer approach 
background levels. 

11. Cover in plastic wrap and expose to X-ray film at -70°C with a 
screen. • 



i. * The types of bonds that hold protein to nitrocellulose are not known. 

However, the binding is blocked by oils or other proteins. Wear gloves and 
use virgin nitrocellulose sheets. For short- or long-term storage, do not 
leave the paper in buffers containing other proteins. Slow exchange occurs 
and this will lower the strength of the signal. For long-term storage, freeze 
the paper in' plastic wrap at -70°C 

ii. In all the assays in which proteins are bound to nitrocellulose, the remain- 
ing binding sites on the solid support must be blocked by adding extra- 
neous proteins. Solutions that are commonly used include 3% BSA/PBS, 
1% BSA/PBS, 0.5% casein/PBS, 20% skim dry milk/PBS, or 1% gelatin/ 
PBS. There are conflicting reports in the literature as to the best reagents 
to use, and this may reflect differences in supplier's or slight differences in 
'techniques. Test several and use whatever works best. If the blocking 
solutions are prepared in advance and stored, sodium azide should be 

. added to 0.02% to prevent bacterial or fungal contamination. 



NOTES 
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AN JIGENCAPTURE IN POLYVINYLCHLORIDEWELLS* ; ; 

This assay is similar to the nitrocellulose reverse dot blot assay 
le cnbeTon p. 190. The major difference is the use of polyviny chlo- 
ride (PVC) plates in place of nitrocellulose. This makes the handling of 
me individual assays easier, because each well is used for a separate 
assay- with the nitrocellulose, this is achieved by using a dot blot 
apparatus The major disadvantage of using the PVC is the lower 
binding capacity of the PVC wells. 

1 Add 50 tA of affinity-purified rabbit anti-mouse immunoglobulin in 
PBS (20 ^g/ml) to each well. Incubate for 2 hr at room temperature 
oToVeVntfht at 4°C. Many workers prefer to use 50 mM carbonate 
buffer (pH 9.0) in place of the PBS. 

Because of the low binding capacity of PVC, the signal will be 
stronger with affinity-purified rabbit anti-mouse immunoglobulin 
> andbfdies These are ?he subset of antibodies in the anti-mouse 
' -fmmWoglobulih sera that bind to mouse ^f^^X 
nnrified antibodies can be prepared in the laboratory (p. 313) or can 
S^SSn commercial sources. When using concentrations 
Sove about 20 i*g/ml, the solution should be saved.for reuse. 

2.- Wash twice with PBS. 

3 Add 200 nl of 3% BSA/PBS with 0.02% sodium azide to each well. 
' Incubate for at least 2 hr at room temperature. 

4 Wash twice with PBS. Add 50 M l of tissue culture supernatant to 
' each well. Incubate for 2 hr at room temperature. 

s W«sh three times with PBS. Add 50 pi of 3% BSA/PBS with 0.02% 
5 - ^S^e^Uiing 50,000 cpm of ^^^^^ 
Incubate for 1 hr at room temperature. (Procedures for labeling 

antigens are described on p. 3240 
6. Wash with PBS until counts in the wash buffer approach back- 
ground levels. 

7 Either cut the wells apart and count in a gamma counter or expose 
' the plate to X-ray film at -70°C with a screen. 



fro„ WUU a„d ^ ^ 

Perlmann (1971); Van Weemen and Schuurs (1971). 
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NOTE . 

L In all the assays in which proteins are bound to poiyvinylchloride the 
remaining binding sites on the solid support must be blocked by adding 
extraneous proteins. Solutions that are commonly used include 3% BSA/ 
PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry milk/PBS, or 1% 
gelatin/PBS. There are conflicting reports in the literature as to the best 
reagents to use, and this may reflect differences in suppliers or slight 
differences in techniques. Test several and use whatever works best for 
you. If the blocking solutions are prepared in advance and stored, sodium 
azide should be added to 0.02% to prevent bacterial or fungal contami- 
nation. 
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- ANTIGEN CAPTU RE tN JOLUTION^^ 



1. 



'c-3 



trophoresis, it is si ^ t0 ^ c r ™ tion ^ ined about the molecular 
S oTan -says particuUrly usefu, when 

using complex antigens. 

Prepare sufficient radiolabeled antigen for ' « v f™ht detectton of 
loo samples. Samples can be labeled directly using I (p. 324) or 
prepared from radiolabeled extracts of cells (p. 429). 

2 Either use tissue culture supernatant* directly -or ^pool in such a way 
that no more than 98 samples need to be handled (p. 215). 

t mirrofuee tubes and add samples of radiolabeled antigen to 
mouse). Incubate for 1 hr on ice. 

Tf all classes of immunoglobulins are wanted, 30 min into the' 

• Incul'aS °0. 5 ,1 of ^^—^T^Z^T^ 
Normally it is easiest to add this as iu /u oi j- 
serum in PBS. Keep on ice. 

4. Add 20 Ml of a 10% suspension of prewashed SAC (p. 620). Incubate 

for 30 min on ice. 
5 Spin for 1 min at 10,000g. Remove supernatant by aspiration. Re- 
suspend the pellet in 750 tx\ of PBS. 

6. Spin for 1 min at 10,000g and repeat wash. 

7. Spin for 1 min at 10,000g and remove supernatant by 
Add 50 Ml of Laemmli sample buffer (p. 684). To ^f k 5 r ;7 c ^ eS e ^ nol 
sion easier, snap freeze by placing the tubes in a dr y 

.t»ath. Resuspend and load onto a polyacrylamide gel. Handle as 
normal electrophoresis (p. 636). 
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Functional Assays 

In functional assays, the antibodies in the hybridoma tissue culture 
supernatants are used either to block a reaction or as a molecular 
handle to deplete an essential component of a reaction mix. Any 
antibodies that are identified using these assays form an immediately 
useful set of reagents. However, the assays are difficult to perform 
and interpret, and therefore are seldom used. 
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CHAPTER 6 



M PRODUCING HYBRIDOMAS 



S9E 



Although hybridoma production is the most discussed of the stages of 
monoclonal antibody preparation, most of the steps have been anal, 
yzed in enough detail that they are now routine. The ease with which 
this stage proceeds is dependent on how well the previous stages of 
rnmunifation and development of the screen have gone. A strong 
immune response and the use of a good screening method will make 
the production of the hybridomas an easier task. 

Once a good immune response has developed in an animal and an 
appropriate screening procedure has been developed the cpnstructton 
of hybridomas is ready to begin. For. the actual fusion antibody- 
secreting cells are isolated from the appropriate lymphoid tissue, 
mixed with myeloma cells, centrifuged to generate good cell-to^ell 
contacts and fused with polyethylene glycol (PEG). The fused cells 
then removed from the PEG solution, diluted into selective 
medium, and plated in multiwell tissue culture dishes. Beginning 
. approximately 1 week later, samples of the tissue culture supernatants 
'are removed from wells that contain growing hybridomas and tested 
?or the presence of the appropriate antibodies. Cells from positive 
wells are grown; single-cell cloned, and frozen. Finally, the monoclonal 
antibodies are collected and used. 

Hybridoma production demands good tissue culture facilities and a 
worker with tissue culture experience. An experienced worker will be 
able to perform the entire fusion procedure from removal of the 
lymphoid tissue to the plating of the final fused cells in less than 2 nr. 
Little work is then required until the screening begins in about 1 week. 
This step is the most labor intensive of the. entire project. Approxi- 
mately 1 week is needed to complete the screening of the hybridoma 
wells, and if the. fusion has been successful, another 2 weeks of tissue 
culture work will be needed until a suitable stage for a break has been 
reached. Do not begin hybridoma production without the time needed 
for these operations. . v - 

Although resultant hybridomas are relatively easy to grow, m the 
first stages following the fusion, they may be particularly fragile and 
need exfra care. Because they are the final result of . a long series of 
operations, and because they are produced as individual clones wrth no 
backup, the cells are quite valuable. At the early stages contaminated 
cultures cannot be recovered. . _ 

Chapter 7 (p. 245) contains descriptions of the techniques used for 
growing and maintaining hybridoma and myeloma cell lines as well as 
lists of appropriate growth media. 
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Preparation for Fusions 

Prior to the time of fusion, several solutions must be prepared. In 
addition, unless you have purchased batches of fetal bovine serum and 
PEG that have been prescreened by manufacturers for their use in 
fusions, these solutions should be tested. 
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JcREENING FOR GOOD BATCHES OF FET AL_ 
BOVINE SERUM 



nnlv about one in five lots of fetal bovine serum (FBS) is particularly 

SfrnfsrvSfsulp^o/puTchase prescreened serum direct- 
ly from the distributor. 

1 Test each batch of FBS against your present lot. Test the FBS with 
L your most commonly used myeloma line , a s weMs two hy bridoma 

lines (if available). If possible, use one hybridoma that is easy to 
maintain and one that is more difficult. 

2 For each lot of serum to test, prepare 30 ml of 10% FBS in .medium 
2 - (p. 247) without ^yftujher additwe, «» ^ th^test 

* l^nl^r. £^ti£«y. test and place the trays 

back in a CO, incubator to adjust the pH. 
1 Wash the three test cell lines (one myeloma and two hybridomas) in 
3 ' me^hout h Se T m. ^^X^ZL = 

need approximately 2.5 ml for these tests. 

4 Add 100 ul of the cell suspensions to each of the eight wells in the 
feft hand row of the . test plates-one cell line per plate; three 
plates/ sample of FBS. 

5 Using an eight-well multipipettor mix the contents of the s left he ind 
row Then remove 100 ^1 from the first row ancLdo serial 1 in 2 
dilutions across the plate. Incubate at 3TC in a C0 2 incubator. 

6 Check the wells under a microscope after 7, 10, and " days. The 
wells in the left-hand side of the plate should all grow. Depending 
on the abUity of the individual batches of serum to support growth 
you will sefgrowth extending to ^he well. .with -n^^erof 
.oiic Thi* 3 «av tests directly for the ability of different serum 
^moJs to replace the Lder effects of high-density hybridoma 
fuUu e and mSfcs Se problems of individual cells attempting to 
grow out from either single-cell cloning or hybrid fusions. 
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NOTES 

i. Good batches of serum should support growth of as few as 20 cells per 
well. Do not purchase batches that support less than 100. 

ii. Any method that is used for single-cell cloning can be adapted to screen 
serum batches. 

iii. Serum is stable when stored at -20°C for 1 year. 



PREPARING OPI 



" 7 * nvmvate and insulin that helps 

o ^r^- < s^ " lls at low densities - 

«SS for high-density culture. . 

1 =1 " 

culture work. 

2 . Add 2000 IU (international uni ? s) of bovine insulin. 
3 Filter-sterilize. 

4 . Dispense in sterile tubes .n 2.0-ml allots. Freeze at -20°C. 
■vOPI is stable at -20°C for 6 months to 1 yr. 
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PREPARING POLYETHYLENE GLYCOL , 

1 Melt PEG 1500 in a 50°C water bath. Place a small glass vial on a 
' top-loading balance, and add melted PEG. Add either 0.5 gram or 0.3 

gram of PEG depending on which fusion method will be used (pp. 
211 or 212) Most workers use PEG 1500 for fusions, but others use 
anything from PEG 1000 to PEG 6000 with good results. 

2. Cap the vials and autoclave to sterilize. 

PEG is stable at room temperature for many years. 



NOTE 

i. PEG can also be weighed dry and then autoclaved. 
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4 



Because fusions retire so little ,« ^Sm^lly 
batches will last a long time. Because most workers do not 

serum and then respin. 
3. while washing the myeloma cells, mel, . on. , vial CO^ 
* ■ ^fum^oufse^ to each via, an, place 

in a 37°C water bath. 
Resuspend the cells in "f^^ 

containing 10 6 cells into f res h centrifuge tubes on su £ ernatant 
of PEG). Spin at 800g for 5 mm. Carefully remove ui 
from the cell pellet. 

11 11 .- , with the S0% PEG solutions by pipetting. 
. Resuspend each cell pellet with ™ e ^; 0 d ^ me dium without serum 
Include one control that is ^"^^ min. Add 10 ml of 

or PEG. Incubate at ^PJiatun ^ and dilute 

^"nd lOmlof — wVlO% FBS. Spin the final dilution 

at 400g for 5 min. 

, As pirate the ^^^^^ 
of medium with serunL Transfer _™ * f the 06 . we il tissue 

each of the eight wells on the left hand ^ i ^ 2 ^ 

Sionstcross *e g p^'leturn to the CO, incubator. ■ 
should be discarded. 
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■ Drug Selections 

Hybridoma cell lines are selected by the addition of drugs that block 
the de novo synthesis of nucleotides (see p. 277 for details, of the 
theory of drug selection). The most commonly used agents are amino- 
pterin, methotrexate, and azaserine. All are effective agents to select 
against the growth of the myeloma fusion partner. When using amino- 
pterin or methotrexate, de novo purine and pyrimidine synthesis are 
blocked, whereas azaserine blocks only purine biosynthesis. Con- 
sequently, aminopterin and methotrexate are supplemented with hypo- 
xanthine and thymidine. Azaserine solutions are supplemented with 
hypoxanthine. 



CHAPTER 6 



PREPARING HAT SELECTION MEDIUM * 



Hypoxanthine, aminopterin, and thymidine selection (HAT) medium is 
commonly prepared from two stock solutions, lOOx HT and 100 x a 

1. To prepare 100 ml of lOOx HT, dissolve 136 mg of hypoxanthine and 
38 mg of thymidine in 100 ml of H 2 0 suitable for tissue culture 
Heat gently (70°C) if they do not dissolve completely. The 100 x 
stock is 10 mM hypoxanthine and 1.6 mM thymidine. 

2. To prepare 100 ml of lOOx A, add 1.76 mg of aminopterin to 100 ml 
of H 2 0 suitable for tissue culture. Add 0.5 ml of 1 n NaOH to 
dissolve. Titrate with 1 n HC1 to neutral pH, being sure not to 
overshoot to acid pH, as aminopterin is sensitive to acid pH The 
concentration of the lOOx stock is 0.04 mM aminopterin. 

3. Filter-sterilize the two solutions independently. 

4. Dispense 2.0-ml aliquots in sterile tubes. Store at -20°C. 
Both 100 x HT and 100 x A are stable at -20°C for 1 year. 



'Littlefield (1964). 
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PREPARING HMT SELECTION MEDIUM 

HMT selection medium is commonly "prepared from two stock solu- 
tions, lOOx HT and lOOx M. 

1. To prepare 100 ml of lOOx HT, dissolve 136 mg of hypoxanthine and 
38 mg of thymidine in 100 ml of H 2 0 suitable for tissue culture. 
Heat gently (70°C) if they do not dissolve completely. The 100 x 
stock is 10 mM hypoxanthine and 1.6 mM thymidine. 

2. To prepare 100 ml of 100 x M, add 49 mg of methotrexate to 100 ml 
of H 2 0 suitable for tissue culture. Add 0.5 ml of 1 N NaOH to 
dissolve. Titrate with 1 n HC1 to neutral pH. The 100 x stock 
solution is 1 mM methotrexate. 

3. Sterilize the 100 x HT and 100 x M solutions by filtration. 

4. Dispense 2.0-ml aliquots in sterile tubes. Store at -20°C. 
Both 100 x HT and 100 x M are stable at -20°C for 1 year. 
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PREPARING AH SELECTION MEDIUM* ■ 7 

1. To prepare '100 ml of 100 x AH, add 0.136 gram of hypoxanthine in 
H 2 0 suitable for tissue culture. Heat to 70°C to 'dissolve, and then 
add 10 mg of azaserine.. The 100 x stock is 0.58 mM azaserine and 10 
mM hypoxanthine. 100 x H will be needed for growing hybridoma 
cells while removing the azaserine selection. 100 x H is prepared as 
above, but without the addition of azaserine. 

2. Filter sterilize. 

3. Dispense into sterile tube in 2.0 : ml aliquots. Store at -20°C. 
lOOx AH is stable when stored at -20°C for 1 year. 



•Foung et al. (1982). 
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9 Final Boost 



Three to five days before the fusion, the immunized mouse is given a 
final boost. This boost " should be done at least 3 weeks after the 
previous injection. This interval will allow most of the circulating 
antibodies to be cleared from the blood stream by the mouse. Serum 
titers in the mouse begin dropping about 14 days after an immuniza- 
tion. If the levels of circulating antibodies are high, they will bind to 
the antigen and lower the effective strength of the boost. 

The final boost is used for two purposes: to induce a good, strong 
response and to synchronize the maturation of the response. If this 
synchronization occurs, a large number of antigen-specific lympho- 
cytes will be present in the local lymphoid tissue about 3 or 4 days- 
after the boost. This will allow an increase in the relative concen- 
tration of the appropriate B-lymphocyte fusion partners. Consequent- 
ly, the final boost should be directed to the source of the cell collection. 
In most cases, the spleen is the best choice for lymphocyte isolation, 
and, therefore, the final boost should try to localize the response to the 
spleen. This is best achieved by an iv injection done concurrently with 
an ip injection. If your source of antigen is limited, a single iv injection 
should be used. Remember that the antigen solution should be compat- 
ible with an iv boost (no Freund's adjuvant, SDS concentration below 
0.1%, urea below 1 M, etc., see p. 110). If the antigen cannot be injected 
directly into the blood stream, an ip injection should be used, and the 
fusion should be done 5 days after the final boost. 

In some specialized cases, for example foot pad injections or prepar- 
ing IgA monoclonal antibodies, a regional lymph node may be the 
preferred site of lymphocyte collection. In the two examples given, the 
B-cell partners would be prepared from the inguinal node or from the 
Peyers patches, respectively. 



Prior to the fusion .the myeloma cells that will serve as fusion partners 
must be removed from frozen stocks and grown. The technique below 
is designed to place the cells in the best conditions for the fusion, but 
any tissue culture techniques that keep them healthy and rapidly 
growing are suitable. On the day of the fusion, the antibody-secreting 
cells are isolated from the mouse. Both types of cells can be washed 
together just prior to the fusion (p. 210). 



9 Preparing the Parental Ceils for Fusions 
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CHAPTER 6 



fusion One day before the fusion split toe entration of 5 x 10 
Chapter 7 discusses uie 






IS 




FIGURE 6.9 

Splenectomy of a mouse 
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PREPARING SPLENOCYTES FOR FUSIONS 

If possible, at the time of the fusion you should collect the blood from 
the immunized animal to use as polyclonal sera specific for your 
immunogen. Collecting sera from laboratory animals is discussed in 
Chapter 5. 

1 Sacrifice the mouse. See your local authorities on animal handling 
for advice on the proper humane procedures. Aseptically remove 
the spleen from an immunized animal (Fig'. 6.9) and place in a 
100-mm tissue culture dish containing 10 ml of medium without 
serum (prewarmed to 37°C). Trim off and discard any contaminat- 
ing tissue from the spleen. 

2 Tease apart the spleen using 19-gauge needles on 1.0-ml syringes. 
Continue to tease until most of the cells have been released and the 
spleen has been torn into very fine parts. Disrupt any cell clumps by 
pipetting. Transfer the cells and medium into a sterile centrifuge 
tube. As you transfer the cells, leave behind the larger pieces of 
tissue. 

3 Wash the tissue culture plate and tissue clumps with 10-ml of 
medium without serum (prewarmed to 37°C) and combine with the 
first 10 ml in the tube. 

4 Allow the cell suspension to sit for approximately 2 min. This will 
allow the larger cell clumps to settle to the bottom of the tube. 
Carefully remove the supernatant from the sediment and transfer 
to a fresh centrifuge tube. 

A spleen from an immunized mouse contains approximately 5 x 10 7 
to 2 x 10 8 lymphocytes. 
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m FUSIONS 



Over the last 10 years a number of variations in fusion techniques 
have evolved. Most are based on the techniques of Galfre et al. (1977) 
or Gefter et al. (1977) and Kennett (1978). Examples of each are given 
below. Normally the fusion technique that is used does not make a 
major difference in the success of the fusion. You. should use the 
method that is easiest and most convenient for you. 



COMMENTS M Hybridoma Production 

. Fusions are easy. If the immunization and the development of the screen have 
gone well, doing multiple fusions may be very helpful. 

. If the drug selection- you have chosen to use depends on thymidine in the culture 
media, mycoplasma contamination will doom the fusion. ™y™v£™™*££™ f 
ly efficient in converting thymidine to thymine (see p. 265 for methods or 
detecting mycoplasma). 

. If the antigen is particularly valuable, it may be prudent to perform a practice 
fusion prior to using your reagents. 
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FUSION BY STIRRING (50% PEG)* 



1. Wash the splenocytes twice by centrifugation at 400g in medium 
without serum (prewarmed to 37°C). At the second wash also spin 20 
ml of the myeloma cells in a separate centrifuge tube. The myeloma 
cells should also be washed in medium without serum; they get one 
wash versus the two for the splenocytes. During these washes, melt 
a vial with 0.5 gram of PEG (p. 201) in a 50°C water bath. Add 0.5 ml 
of medium without serum and transfer the vial to a 37°C water bath. 

2. After the final washes resuspend the two cell pellets in medium 
without serum (prewarmed to 37°C) and combine the cell suspen- 
sions. Centrifuge these cells together at 800g for 5 min. Carefully 
remove the medium as completely as possible. 

3. Remove the 50% PEG solution from its container with a Pasteur 
pipet and slowly add the PEG to the cell pellet while resuspending 
the cells by stirring with the end of the pipet. Add the PEG slowly 
over 1 min. Continue stirring for an additional minute. Fill a 10-ml 
pipet with 10 ml of medium without serum (prewarmed to 37°C). 
Add 1.0 ml to the cell suspension over the next minute, while 
continuing to stir with the end of the 10-ml pipet. Then add the 
remaining 9.0 ml over the next 2 min with stirring. Centrifuge the 
cells at 400g for 5 min. 

4. Remove the supernatant and resuspend the cells in 10 ml of medium., 
supplemented with 20% prescreened fetal bovine serum (pre- 
warmed to 37°C), lx OPI, and lx AH. Transfer the cells to 200 ml of 
medium with 20% prescreened fetal bovine serum (prewarmed to 
37°C), lx OPI, and lx AH. 

5. Dispense 100 jxl of cells into the wells of 20 96-well microliter plates 
using a multiple pipettor (a 96-well pipettor is easiest). Place at 37°C 
in a C0 2 incubator. 

6. Clones should be visible by microscopy at about day 4 and by eye 
starting at about day 7 or 8. 

NOTES 

i. Other strategies can be employed for the number- of wells into which the 
fusion is plated. These are discussed on p. 212. The one in the protocol 
above will yield approximately 2000 wells. 

ii. Other drug selection methods can be used to select against the growth of 
the myeloma cells. These are described on p. 203. AH selection medium 
has only minor advantages over the other drug selections, but in general 
the hybridoma clones will appear more quickly in this medium. HAT 
selection is the most widely used. 

•Galfre et al. (1977). 
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jn^M jYTPiNNING (30% PEG f 



, • i „f m pram of PEG in a 50°C water bath. Add 0.7 ml of 
S^tnoSfsIrum and" transfer to a 37X water oath. 

2. Centrifuge the spleen cells from the immunized animal at400 g for 5 

without serum. • 

* ^^.SS^^S^'SfSL S lo^ c'arefX 

remove all medium. 
4. Add 0.2 ml of PEG solution. Suspend the cells by lightly tapping the 
tube. 

r * • ,» anna Add 5 ml of medium without serum to 
Centrifuge for 5 mm at 400g. ^Add 5 ^ °* t0 reS uspend the 

' disperse the pellet, ^ck the tube.^f necessary ^ ^ 

cells. Do not pipet the cells p ^ OT ™ ! 0 ° l hybridoma growth, p. 
fetal bovine serum (prescreened to support iiyu 

198). 

S ..Centrifuge for 5 ^ium ^pSd"^ 

suspend the cells in 10 ml of m«am s pp ceUs 

bovine serum, lx OPI, and lx AH. 
•Adapted from Gefter et al. (1977); Kennett (1978). 



5. 
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7 Dispense 100 m-1 of cells into the wells of 20 96-well microtiter plate 
using a multiple pipettor (a 96-well pipettor is easiest). Place at 37°C 
in a C0 2 incubator. 

8. Clones should be visible by microscopy at about day 4 and by eye 
starting at about day 7 or 8. 



i Other strategies can be employed for the number of wells into which the 
' fusion is plated. These are discussed on p. 212. The one in the protocol 

above will yield approximately 2000 wells. 

ii Other drug selection methods can be used to select against the growth of 
' the myeloma cells. These are described on p. 203. AH selection medium 

has only minor advantages over the other drug selections, but in general 
the hybridoma cells will appear more quickly in this medium. HAT 
selection is the most widely used. 
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Feeding Hybridomas 

Two strategies are used in deciding whether to feed hybridomas prior 
^screening. EarLy protocols suggested the removal of medium and 
hen addS of fresh medium. This approach has not proven to be of 
muSh advantage, but does lead to more work. The addition of fresh 
Sedium ™he hibridoma cultures at about day 4 or 5 after the fusion 
^nrTes the general health of the cultures and will keep them rapidly 
lowing throughout the screening procedure. Some workers pref er not 
fo feed the cultures, allowing any poorly growing clones to die and 
Sen to concentrate on the hardiest of the clones ^\^.^^ e f^ 
is done by adding 100 M l of fresh medium supplemented with 20% fetal 
bovine serum, lx OPI, and lx AH. 



MONOCLONAL ANTIBODIES 2i5 



Weils containing hybridomas are rea J™™^£ 

a« : shown in F?gure 6.10. For most assays, clones that are just v.stble 
by eye are about the , righ, : stage f™»mg. Qn 
^^Cr'^SSSi^S of the technics in Chapters 

10-14 can be used as well. 

. SS St S fessas b»« 

. microS trly. Mark the tray to correspond to the original well 
* Fo^mo r st antigens the supernatants are ready for testing without 

Sel^ 

gation before testing- 

wells from pooled samples. 
NOTE 

, Alth ough splenocytes do not may 
do not die immediately and will ^nnaue to sec ^ ete ant ^ itive cells 
lead to detecting false-positive wells in early : s ^ eenS Q P 
should be rescreened prior to freezing or single-cell cloning. 
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Expanding and Freezing Positive Clones 

After a positive well b-^ ^ 

the culture in the 96-well plate to 0^5 ml ofmediu pp ^ 
20% fetal bovine serum, lx OPI, and lx into 5.0 ml in a 

the 24-well culture ^^^^S^rSnce the cells are 

complete medium ^J*™ 0 ™^^™^ the cells with the base 
^ithoS^e to be diluted to a safe 

level before removing .the bases This . g a 

cells should be ^^"J^^^^es for the freezing 

h^crnn as earlv as at the 60-mm disn stage, ic^iiihh" 

• S^^t^«SW^£? as a Jod backup if any 
problems arise. 



COMMENTS a More Fusions? 



After the screen has been completed, £ deci*^ ^ZTTno^^l « 
depend on the number of positives that have been the fusio P n should be 

found, and the immunization y^ed a sttong r f P e 0 ^^ aluated . If the immune 
repeated, but the choice of screening ^"^^^^ be tried. If only a- 

response was weak, new approaches ^UJJJ^J 0 early as possib le to 
few positive clones were identified, these snouia appr opriate assays. If a 

determine whether they will perform adequa ely in ^the approp ^ 

comprehensive set of ^SrSTLr^ vS^ccessful- (greater than 50 
likely to be needed. If th \ fu *f " ™ S Xr oractically impossible to carry and 
positives), it is seldom worthwhile and often pract ^aiiy ™P f 
mamtain all the clones. In these situations many of % nevate new 

fusion of sibling antibody-secretmg^ceUs ^^^^^J* to identify 
^^^S^^^ -^on affinity or perhaps subclass of 



the resultant antibodies. 



a Single-cell Grohing 



ft 

Iron i 



After a positive tissue culture supernatant has been identified the next 
step is to clone the antibody-producing cell. The original positive well 
will often contain more than one clone of .hybridoma cells, and manv 
hybrid cells have an unstable assortment of chromosomes Both of 
these problems may lead to the desired cells being outgrown by cells 
that are not producing the antibody of interest. Single-cell clonine 
ensures that cells that produce the antibody of interest are truly 
monoclonal and that the secretion of this antibody can be stablv 
maintained. y 

Isolating a stable clone of hybridoma cells that all secrete the 
correct antibody is the most time-consuming step in the production of 
hybridomas. Depending on the chances of the original positive being 
derived from a single cell, the easiest and quickest methods to prepare 
single-cell clones will differ. If the positive well contains multiple 
clones or if secretion of the antibody is highly unstable, the cloning 
should be done in two or more stages. In the first cloning, you should 
try to identify a positive well with only a few clones, and then try to 
isolate a single-cell clone from this stage. This often can be achieved 
by a combination of different cloning methods. For example, quick 
cloning by limiting dilution could be followed by cloning with a single 
cell pick. 

Because hybridoma cells have a very low plating efficiency, single- 
cell cloning is normally done in the presence of feeder cells or 
conditioned medium. Good feeder cells should secrete the appropriate 
growth factors and should have properties that allow them to be 
selected against during the future growth of the hybridomas. Feeder 
cell cultures are normally prepared from splenocytes, macrophages 
thymocytes, or fibroblasts. ' 



To ensure that a hybridoma is stable and single-cell cloned, continue 
repeating the cloning until every well tested is positive. 
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preparingJplenocyte feed er cell cultures . 

Although splenocyte feeders can be used immediately they are most 
effective when they are prepared approximately 1 day before the 
staS^U^toning,Becaus5 spleen cells do not grow in normal tissue 
culfur T conations, they are lost during the subsequent expansion of 
the hybrTdoma cells. Use a female mouse of the same genetic back- 
ground as your hybridoma. 

1 Sacrifice the mouse. See your local authorities on animal handling 
Sr advice on the proper humane procedures. Remove the spleen 
SplaTy from the mouse.and place in a 100-mm tissue ^cufcure 
dish containing 5 ml of medium without serum (see , p 209). Trim off 
and discard any contaminating tissue from the spleen. 

2 Tease apart the spleen using 19-gauge needles on 1.0-ml syringes 
Jondnurto tease until most of the cells have been "leased and *e 
snleen has been torn into very fine parts. Disrupt any cell clumps by 

' Pitting Transfer the cells and medium into a conical centrifuge 
n be leaving behind all of the larger pieces of tissue Wash these 
^Surnps Ind'tSe plate with an additional 5 ml of medium without 
serum and combine with the first 5 ml. 

3 Allow the cell suspension to sit at room temperature for " approxi- 
■ Sy 2 min. This will allow the larger cell clumps to settle to the 

bottom offte tube. Carefully remove the medium and cells j avoiding 
the sediment and transfer to 100 ml of medium with 10% fetal 
EvintS prescreened to support hybridom Cl^e« 
per 100 ml is about 10 8 cells/ 100 ml or 10 /ml). Either use directly 
or prepare conditioned medium. 

4 Either: To use directly for 96-well cloning (pp. 222-224), plate 50 & 
of the spleen cell solution into each of the wells of a 96-well tissue 
culture dish. Allow to grow for 24 hr at 37°C. 

Or- To use directly for soft-agar cloning (p. 226), the medium with 
the feeder cells is used to dilute the hybridoma cell suspension 
prior to mixing with the soft-agar. 

Or- To prepare conditioned medium, transfer the splenocyte cell 
suspeSsFon to several tissue culture dishes. Place at 37°C in a CO 
fncSbato? for 3 days. Collect the cell suspension and remove the 
"ellf by centrifugLion at 400g for 10 min- ™- 
dispense in convenient sizes. Freeze at -70 C. Use ™ ~ n " l s _ nd 
medium mixed 1:1 with medium supplemented with 20% FBS and 

2x OPI- 

NOTE . 

i. To avoid any possible problems with a particular spleen feeder culture, i 
may be best to combine several batches. 
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PREPARING FIBROBLAST FEEDER CELL CULTURES 

Certain fibroblast cultures secrete the necessary factors to allow the 
growth of hybridoma cells at low plating densities. Early studies used 
fibroblast cultures that had been treated with mitomycin C or lethal 
doses of irradiation. Both of these treatments made it impossible for 
the feeder cells to contaminate future cultures of the hybridomas. 
More recently, this has been shown not to be necessary for fibroblast 
cultures that adhere strongly to the plastic tissue culture surface. 
Other studies have compared the ability of different fibroblast cells to 
support single-cell cultures of hyridoma cells and have found that the 
human diploid cells MRC 5 are the most effective in this test. These 
cells are not an established cell line, and so will need to be replaced in 
the future by another source. The MRC 5 cells are currently available 
from several sources including the American Type Culture Collection. 

1. The MRC 5 cells are grown and maintained in Ham's F12 medium 
supplemented with 10% fetal bovine serum. They should be used at 
passages below 40. 

2. Trypsinize the cells and count. Prepare a solution of 2 x 10 s cells /ml 
of medium with 10% fetal bovine serum prescreened to support 
hybridoma growth. 

3. For cloning using 96-well tissue culture dishes (pp. 222-224), add 50 
^tl of the cell suspension to the wells. Allow the cultures to grow for 
1 day at 37°C. 

Or: For soft-agar cloning using 60- or 100-mm tissue culture dishes 
(p. 226), add 10 ml of the cell suspension to a 100-mm dish or 3 ml to 
a 60-mm dish. Allow the cells to adhere to the plastic overnight at 
37°C. Remove the medium and add the soft agar hybridoma cell 
suspension to the plate. 
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SINGLE-CELL CLONING BY LIMI TING DILUTION 

Cloning hybridoma cells byl^ng d^on is th e ie^of the 

tS^^^^^ 2 ^^ t0 beinB sin8le ' 

SS ^ Coned a Q nd one for single-cell clonjni ^re « ^ ^ 

SCMSX a tSrc f loZg W sHou1d^e done .t Least twice to 
generate a clonal population. 

Limiting Dilution (Rapid) 

• „ • «.*„wr 1?- or 96-well), add 50 jii.1 of medium 
1. Using a multiwell . pipcttor 8-12 or ^96 ^ ^ ^ ^ 

with 20% FBS and 2x OPI to ea^ weu oi ^ g 

should already contain 50 /d ot teeaer ceus. 
V 100 total volume/well. 

left-hand well. Mix by pipetting. 
3 do 1 in 2 doubling dilutions down the left-hand row of the plate (8 
' wells, 7 dilution steps). Discard tip. 

4. Do 1 in 2 doubling dilutions across the plate using an 8-well multi- 
pipetter. 

5. Clones should be visible *"%^ Q £?.^J%^ 
normally will be ready to j f*™** 1 **/^^* a 45 ° diagonal that 
microscopy. There should be a line running raa»a s 
contains approximately the same num ber of f™^ s ™ honeor 

well as all those with only one clone. 

6. Select the best weUs and either grow up or repeat the cloning 

procedure directly. 
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Limiting Dilution (Slow) 

1. The hybridomas should be healthy and rapidly growing at the time 
of cloning. Prepare four dilution tubes with medium supplemented 
with 20% fetal bovine serum and 2x OPI for each cell to be cloned. 
Three tubes should have 2.7 ml and the fourth should have 3.0 ml. 

2. Add 10 fxl of the hybridoma - cells to the tube containing the 3.0 ml of 
medium. Do 1 in 10 dilutions of the hybridomas by removing 0.3 ml 
and transferring into the 2.7-ml tubes. 

3. Add 100 Ail of each dilution into 24 of the wells of a 96-well tissue 
culture plate (24 wells/dilution; 4 dilutions /plate, i.e., one hy- 
bridoma/plate). The wells should already contain 50 fxl of feeder 
cells (pp. 220 or 221), giving 150 pd total volume/ well. If the cells 
from the highest dilution are plated first, then the pipet does not 
need to be changed during the plating. 

If many hybridomas are being cloned at the same time, it may be 
worthwhile to plate the dilutions by using a 10-ml or larger pipet. 
One drop from these pipets will deliver approximately 100 jjlI. 

4. Clones will begin to appear in 4 days and should be ready to screen 
starting about days 7-10. 

Screens can be done from wells containing multiple clones as well 
as from wells containing only single clones. 



Sin gle- CELL CLONING by picks* ^ 

wells should already contain 50 /xl of feeder ceus (.pp. 
giving 150 /d total volume/ well. 

serial 1 in 5 dilutions or tne ny volume to cover the 

about 0.3 ml into 1.2 ml, this win auuw cnu B . th n i ne ttine 

v- with well-separated cells. 

3. Use a drawn out 50^ < « pip- ^J^,— ^ 

picks take about 1 min. 
4. The clones should be ready to screen in 7-10 days. 



•J. Wyke (pers. comm.). 
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NOTE 

i. Because this technique demands working under the microscope on the open 
bench, one might expect contamination to be common. However, the only 
portion of the tissue culture medium that is exposed to the open air for long 
is the dish that you are picking from and you only transfer a very small 
volume at one time. So the chances of contamination are low. Needless to 
say, this technique should only be done in an area without drafts. 



5//VtyLC-^m- 

Cioning of hybridoma Tch- 

commonly used methods for produomg = g . { doe5 take 

.nique is easy, but, because «p«I orm <^ ^ agar an<J 

longer than other methods Not : all ceus w However, most 
there may be a bias on the ^f.^ y ^ a J^we relatively good 

^^^^t^^s^. so^ most hy- 

'Sough every attempts made ^ensure thatthe cellsare m a 
single-ceU ™P"»» 'wo ceU that were stuck together 

SS«!TS^f« T be repeated at least 

Twfce before the cells are considered clonal. 

. , Prior to Coning ^^nSXTSK 
rocTarg^^bU^remonthstoiyea, : 

■ Prepar e ^^."S^"^^^"!^ 

medium. Add 100 ug/ml °' f " , n a n m * C « 4°C but at that time if fresh 

. ^ c *° be extended to 3 

months. 

Melt agarose in a boiling water bath or in a microwave oven and . 
cool to 37°C. 

To the 2* medium add fetal bovine serum to 20% and OPI to 2x. 
Warm to 37°C in a water bath. 
, cells should be healthy and Rowing rapidly at the ti- e f « 
The cells should be as free of ,^ /f not using feeders, the lx 
dilutions of ^br^.m^ me^^ng^ ^ complete 2 x . 
medium is P^pared by dilut ng ^ QW in suspe nsion, 

medium with sterile H .£- " Hf^Jf shou ld be the cell suspension 
the medium used for these dilutions sno fibrob iast feeders 

from the feeder cell P™P"£°^^ culture dishes to 

(p. 221), these ceils should be plated on the t ^ 

5 . Add 150 .1 of cells from ~^^^tS^KSiiS" 5S^-S?"lSSSi-"» 
to 60-mm tissue culture Plates (2 Pf at *%^ exac ; t concentration of 

^i^^SiTS^Sn to count the cells. 



2. 



3. 



4 
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6. Mix the 3% agarose and the 2x medium 1 : 1. Add 4 ml to each plate, 
and mix by pipetting. 



7. Place the plates at 4°C for 45 min and then transfer to 37°C in a C0 2 
incubator. 

8. Macroscopic clones will appear beginning about day 10. Pick clones 
from the highest dilution that shows growth. Remove a plug of 
agarose containing the colony with a sterile Pasteur pipet. Transfer 
the plug to 1 ml of medium in a 24-well plate. Disperse the clone by 
pipetting. 

9. Supernatants from these wells will normally be ready for screening 
48-72 hr later. 



NOTE 



i. As an alternative, the cells may be grown in the dilution tubes themselves 
(Civin and Banquerigo 1983). Add 2 ml of the 1.5% agarose/medium 
solution to each tube and grow as described above. 



Unstable Lines ■ 

ip^iilii 

!; h t e s d econd strategy is to refuse the important line with a myeloma and 

mvelomas easier. The hybridoma would carry a functional HPRT gene, 
bridomas. 

m Contamination . ,i in« 

omas can sometimes be saved. 
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CONTAMINATION IN THE FUSION WELLS— 
A FEW WELLS ONLY 



1. Contaminated wells can be identified by their unusual pH or turbidi- 
ty. Confirm the presence of the contaminating organisms by observ- 
ing under the microscope. Mark the wells. 

2. Move to the tissue culture hood and carefully remove the lid. If the 
underside of the lid is damp, replace with a new lid. Dry the top and 
edges of the plate itself by aspiration before replacing. If there is 
contaminated medium on the lid, autoclave the whole plate without 
any further work. 

3. Remove the medium from the contaminated well by aspiration. Try 
to avoid generating any aerosols. Add enough 10% bleach to the 
well to bring the level right to the rim. Allow it to sit for 2 min at 
room temperature. 

4. Remove the bleach from the contaminated well by aspiration. Add 
enough ethanol to the well to bring the level right to the rim. 
Remove by aspiration and repeat. 



5. Dry the well by aspiration. 
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~r*r>MTA MINA TION IN THE FUSION WEUS^GROS^ 



1. Autoclave the plates. 



CONTAMINATION OF A CLONBD UNj _ 

e it ic Priest to go back to the most recent 

1. If the line has been frozen, it is easi " 8° 
freeze down and thaw a fresh vial of the cells, 

duction). 

4. Spin the ascites at 400g for 5 min at room temperature. 

5. Remove the supernatant. R^^spend ^^^ n ^ n tr ^ s ^ r °o 
^Ssue SfflS?^.S^^n be checked for produc- 
tion of the appropriate antibody. If positive, save for use. 

tion reappearing. 

The success rate may be as high as 80%. 

" AnLals injected with infected cultures should be kept isolated from the 
main animal colony. 
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■ Classing and Subclassing of Monoclonal Antibodies 

Many techniques for using monoclonal antibodies require antibodies 
with specific properties. One set of these properties is unique to the 
individual antibody itself and includes such variables as specificity and 
affinity for the antigen. These properties all depend on differences in 
the antigen-combining domain of the antibody and can be assayed by 
comparing the properties of the monoclonal antibodies in tests that 
measure antigen binding activity. 

A second set of important properties for monoclonal antibodies is 
determined by the structure of the remainder of the antibody, se- 
quences encoded by the antibody common regions. These properties 
include the class or subclass of the heavy chain or the light chain. The 
different classes or subclasses will determine the affinity for im- 
portant secondary reagents such as protein A (see p. 616). The type of 
heavy and light chain can be distinguished by simple immunochemical 
assays that measure the presence of the individual light- and heavy- 
chain polypeptides. This is normally achieved by raising antibodies 
specific for the different mouse heavy- and light-chain polypeptides (p. 
622). The production of these antibodies is possible because the light- 
and heavy-chain polypeptides from different species are sufficiently 
different to allow them to be recognized as foreign antigens. Most 
often these anti-mouse immunoglobulin antibodies are raised in rab- 
bits as polyclonal sera, and then the antibodies specific for a particular 
heavy or light chain are purified on immunoaffinity and immuno- 
depletion columns. Although these chain-specific rabbit anti-mouse 
immunoglobulin antibodies can be made in the laboratory, it is normal- 
ly easier to purchase them from commercial sources. There are a 
large number of different assays used, and some of the more common 
are listed below. 
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DOUBLE-DIFFUSION ASSAYS* 



Originally, the Ouchterlony .^^^ u £S%r. re m^cffi 
common method for determining das and sud techniqueSj but 

antibody. They have been largely ™^™* a *\ few assays will be 
they still are useful, particularly when omy a s Upe matants 
performed. In these assays „ maples of ™" ^ a be P d 0 f agar 
(often concentrated tenfold) are P*P et ^ a in in otner wells at equal 

Class- and ^^^?^ e ^^^ v Tof antibodies diffuse 
distance from the test antibody. Jhe^ group 

into the agar. As they meet, imm «>mpl e«s to^ y ^ ^ 
ing larger complexes ; as more ^^^^ prec ipltate, form- 
timeric complexes form the immune co v Qr that can 

' what is referred" to as a precipitin line. 

■ and allow the culture to overgrow and die. 
; 2 . spin the tissue culture supernatant at 1000* for 1C > ™^ 

ssnrM rows? c« ^ ~ 

at 7000g for 15 min. 

m-fold using an ultrafiltration man- 
3. Concentrate the supen^amtiOf^W using designed to 

ifold. This is most ea f J f ^ n h / 0 f t P he ultrafiltration specialty 
concentrate m the centrifuge. Many ot tn manufa cturers\ 

supernatant when the 10 

ml sample has been reduced to 1 ml. 

Tissue culture supernatants may also be concentrated by am : 
monium sulfate precipitation (p. 

i „■ ;„ on? with 5 mM EDTA. Melt the 

4 S?o a sl ^^S— "wave. Coo, to 4,C. 

Ouchterlony plates can also be purchased commercially. 

- -x rr,i nf the agarose solution onto the top of 

5 ^mcC^ 



•Ouchterlony (1949). 



'monoclonal antibodies 
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6. Using a 200-ptl capillary pipet or a commercial apparatus, careful- 
ly core vertical small holes in the agarose in a pattern that looks 
like this: 





Anti-^i 




O 


Antl-a 


Anti y ] 


O 


O 




(^) Test antibody 


o 


O 


Anti- 7 3 


Anti-72a 




O 




Anti- 7 2b 



For example, an IgG, 

O 



O 



o 



o 



o 



\ 



o 



o 



If the capillary pipet is attached to a pipetting device, a light 
suction while preparing the wells will allow the plugs to be with- 
drawn easily. 

7. Add 5 Ail of rabbit anti-mouse immunoglobulin sera specific for the 
various classes, subclasses, or light chains to each of the wells in 
the outer ring. 

8. Add 5 of the concentrated tissue culture supernatant to the 
middle well. 



9. Incubate in a humid atmosphere overnight at room temperature. 

10. Score positive reactions by the appearance of a precipitin line 
between the wells with reactive antibodies. 



NOTE 

i. The sensitivity of these assays can be increased by staining the bands with 
Coomassie brilliant blue. Cover the gel with wet filter paper and place in a 
50°C oven. Incubate until dry. Wet the paper and remove from the gel. Wash 
for 30 min in several changes of PBS. Repeat the drying procedure. Stain 
with Coomassie for 15 min (p. 649). Destain in 7% acetic acid, 25% 
methanol. 
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ANWOM^^ 

ANTf /zFN. COATED PLATES 

" ITtn *rreen hybridoma fusions that detect 

Any of the assays used » ^ r ~" s 7^ mun0 globulin antibody can 
antibodies with a ^^^^S^% 0 r example, if the detec- 
be adapted to "™ c k'°£ b ^ immu no globulin to 

tion method used ^"JS antigen then substituting anti-class or 
locate antibodies bound to ^^.reagent will identify the type 
subclass-specific antibodies for the Ireag ns - s iven below 

of heavy chains. An example of these^ty pes o ^ ^ 

• ^ZX^o^^"^ assays. 

, Prepare a solution of a ^^^J^^^ 
mM sodium Phosphate (pH 7X1).^ Hign e f the lastic 1S 

v- the binding of antigen to he PVC but the c p V ^ bind to ^ 
only about 300 ng/cm t so th ^ extra .pro ^ ^ ^ prQtein 
; PVC However, if higher concentr orkers prefe r to use 

° f the ph0S!,hate buf ter - 

+ ^o^h Incubate at room temperature 

■2. Add 50 ^1 of antigen to each well, lncuoate 
for 2 hr or overnight at 4°C. 

* i- Tf thp solution will not be saved, it 

suitable waste container. 

-v, t>R<? a 500-ml squirt bottle is con- 
4. Wash the plate twice with PBS. A duu mi 4 

venient. 

5 Fill the wells with 3% BSA/PBS (no sodium azide). Incubate for at 
least 2 hr at room temperature. 

6 Wash the plate twice with PBS. 

7 . Add SO ,1 o, each tis^e ^-e su^rnatant « Rested toevery 

well of a vertical row (8 weiis/te&i;. x 
perature. 

8. Wash the plate twice with PBS. 
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9. Add 50 pel of 3% BSA/PBS (without sodium azide) containing a 
dilution of horseradish peroxidase-labeled rabbit anti-mouse im- 
munoglobulin class- or subclass-specific antibody to each well as 
shown below: 

TEST ANTIBODIES 





12 3 4 


Anti->i 


r oooo 


Anti-a 


oooo 


Anti- 7 1 


oooo 


Anti-72a 
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Anti-72b 
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Antky3 


oooo 


Anti-* 


oooo 


Anti-X 


oooo 



Incubate 1 hr at room temperature. (Horseradish peroxidase- 
labeled reagents can be purchased or prepared as described on p. 
344. Most commercial reagents should be diluted 1 in 1000 to 1 in 
5000. Try several dilutions in preliminary tests and choose the 
best.) 

10. Wash the plate with PBS three times. 

11. During the final washes prepare the TMB substrate solution. Dis- 
solve 0.1 mg of S'^^S'^'-tetramethylbenzidine (TMB) in 0.1 ml of 
dimethylsulfoxide. Add 9.9 ml of. 0.1 M sodium acetate (pH 6.0). 
Filter through Whatman No. 1 or equivalent. Add hydrogen perox- 
ide to a final concentration of 0.01%. This is sufficient for two 
96-well plates. (Hydrogen peroxide is normally supplied as a 30% 
solution. After opening, it should be stored at 4°C, where it is stable 
for 1 month.) 

12. After the final wash in PBS, add 50 >1 of the substrate solution to 
each microtiter well. 

13. Incubate for 10-30 min at room temperature. Positives appear pale 
blue. 

14. Add 50 fj.1 of stop solution, 1 M H 2 S0 4 , to every well. Positives now 
appear bright yellow. To quantitate the binding, read the results at 
450 nm. 

NOTE 



i. Do not include sodium, azide in solutions when horseradish peroxidase is 
used for detection. 
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nFTFkfMINIIW mL. . . KIT , artnv 



CAPTURE UN mir- ikj ryn"~~ 

monoclonal antibody is to buiddas s^or s uDc V m0 noclonal 

the wells of a PO^y^^SiiSi only to wells coated with 
antibody is added to each w el > ^ut wiU bmd o y 

SS£2£ « ^STST. -on^ry anybody specific for all 
mouse antibodies. 

•u ^- e fmm rabbit anti-mouse immunoglobulin 
1. Purify the antibodies from rabbit a f these urifi . 

class- or subclass-specific ^^Vi mosJpurposes. protein A 
cations are discussed m Chapter o. . anti-mouse immuno- 

, SSSTcSESE be purchased f» 

several suppliers.) 

SLl andbody being tested will need one row. 





TEST ANTIBODIES 
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Anti-73 
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0000 
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3. incubate for 2 hr to overnight a. room temperature in a humid 
atmostphere. 

j e^r- future use The antibodies can 

4 Remove the antibodies and save for future use. in 

' be reused approximately five times. 

„ ru-zor rsa/PBS with 0.02% sodium azide. Incubate 

5 Fill the wells with 3% BbA/Ftsa wun u.u 

' for 2 hr or overnight at room temperature. 



OCLONAL ANTIBODIES 237 



6. Wash three times with PBS. Add 50 of tissue culture superna- 
tant from each hybridoma to the appropriate wells. 

7. Incubate at room temperature for 2 hr in a humid atmosphere. 
Shake out the unbound antibody, and wash three times with PBS. 

8 Add 50,000 cpm of 12S I-labeled rabbit anti-mouse immunoglobulin 
antibody to each well (diluted in 3% BSA/PBS with 0.02% sodium 
azide). • 

9. Incubate for 2 hr at room temperature in a humid atmosphere. 
Discard the iodinated antibodies in an appropriate waste container. 

10: Wash the wells three times with PBS. Cut the wells from the plate 
and count in a gamma-counter. 

NOTE 

i. Other detection methods can be substituted for the iodinated antibodies. 
Common alternatives include enzyme-labeled reagents. 
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^irtss-swltch Variants humoral response, the predomi- 

Selectmg Cass . development of a 

'^^'' ^ss of antibodies that are produce Qthers hke 

n;ul i clahj. o deve ioping into IgGs. re 

wi,U ^ur by genetic rearrangements * Specific 

lhon \ TJieen binding site from jus . upsir d . detail in 

flM " ,U ° to the IgG region. These events a re esc ^ ^ 

rcK.on to the t rearrangement help « The diffe rent 

Chaptoi 2 (P- ^ tQ the various types ot ^ • that make 

^"soTand subclasses ^^^^^JoicaL techniques. 
^TrS^irirSi preraUn of antibodies of certain class- 
' lM, ^. tf subclasses very valuable that appears similar to 

CS ntiv it has been shown that .a pr _ although at a 

KCCB rnl class and subclass switching ■ hyb ridomas will 

■ lh ^;tw rtuency. Therefor. j « ^^^ 8 ^ a 
•/. vciy lov *., nrQD ortion of cells secrcLi B identical 
o/iSclSsTof antibody. The an igen bmaongge^ ^ 
0:1 i 1 antibodies. If these cells f 3 ^- ° site but wit h different class 
iU ' .ales with the same antigen bindmg jite ; iants „ gene rally 

imnb H ass properties can be lsolat ^/ s h " t e ch i n g from IgM to IgG or 

:;;:r;S s in <*. * d t0 p^ an tibod- 

^'i^ bind ^higher ^^tojP^S^ swit ching variants it is 
lC wSn trying to identify any £ ss r £^ gem ents that occur will re- 
»nnt to remember that the rearr _ « only those heavy- 

™Z and destroy the .nterventn g^""^ down y str ea m can be 

l '! ' nvs hat must be performed, en K 180 can be easily 
J: Useful- The "-j'JiS^^ IgG- or IgG 2a -specifjc 

Tooted bv changing the detection JK aR companl es supply 

^anti-mouse ^ spe" fi^these tests; one useful source 

reagents Associates. All sources should be tested 

cartfuUybefore use.) 
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Hybridoma cells should be washed by centrifugation. Resuspend the 
cell pellet in medium supplemented with 20% fetal bovine serum at a 
density of 10 4 cells/ ml and dispense 100 /xl into the wells of 10 96-well 
microtiter plates. This yields approximately 1000 cells per well with 
about 1000. wells. Therefore, about 10 6 cells are being screened per 
assay. After the cells have grown, remove a sample of the tissue 
culture supernatant and screen for the presence of the IgG or IgG 2a 
antibodies. Between one and five positive wells may be seen. Choose 
the strongest positive, and transfer these cells to fresh medium. 
Continue passaging the cells until they are numerous enough to clone 
again. In the second round, the cells should be plated at 100 cells per 
well. The procedure is repeated and then the cells are plated at 10 cells 
per well. In the last round the cells are single-cell cloned using one of 
the techniques described on p. 219. 
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INTERSPECIES HYBRIDOMAS J I M '"' »'"" ' 1,1 but fused wuh 

Antibody-secreting cells isolated ^ e J ies hybridomas^hese 

my elomas from another species yuAd in e r P of hybr.doma produc 
types of fusions were common in the eany y immu mzing iatb an 
Son Often these hybrids would be ^ / done before ™ 
fusing 'with mouse myeloma cells. This wu> ns yieR1 hybn d- 

myetoma fusion partners were availab ^ The ^ ridoma cells cannot be 
oLs that secrete rat antibodies^but the ^hy^ prodm .tion 
grown conveniently as ascites tumors, ine 

fs almost entirely limited to ? lssue ln C n U ^ n e ti S bo uie S have been P™duced 
Although some important ™™* l ™f™Z t{ e need for using these 
using interspecies fusions, there seems 
types of fusions today. 



# 
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3 HUMAN HYBRIDOMAS 




One of the most exciting areas for hybridoma research over the last 5 
years has been the development of systems for the production of 
human hybridomas. Human monoclonal antibodies will be used exten- 
sively for clinical applications. Although this field has been marked by 
exciting publications announcing new breakthroughs, the actual prog- 
ress in setting up the routine production of human hybridomas for 
laboratory use has been slow. For most research applications, produc- 
ing human hybridomas still does not offer many, if any, advantages. 
The two most successful strategies that are used are standard fusions 
with human myeloma cells and the use of the Epstein-Barr virus 
(EBV) to transform antibody-secreting cells. One of the major prob- 
lems in producing human hybridomas has been the lack of a suitable 
myeloma partner. Several of these lines have been isolated and are 
now in use. 

The use of EBV-transformation to allow antibody-secreting cells to 
grow in standard tissue culture systems has solved some of the 
problems in human monoclonal antibody production. One unfortunate 
drawback of this approach is that the resultant transformants seldom 
secrete large amounts of antibodies. This has been overcome in some 
cases by fusing the EBV-transformed cell with a mouse myeloma cell 
line to allow the secretion of large amounts of antibodies. The com- 
bined use of EBV and secondary fusions points out two important 
aspects in hybridoma research. One is the use of other vectors to 
deliver important genetic information such as oncogenes. Second, if a 
particular hybrid does not possess all of the properties that are needed 
for a particular use, the line may be refused with other hybrids to 
achieve these properties. 

There are, several publications that describe progress in the isolation 
of human antibody-secreting cells, and these types of references 
should be checked for the details of producing human hybridomas. 
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PUTURE TRENDS M 1 " IB "■" ™ used t0 produce hybridomas have been 

* FU Few changes in the tech n n ^ U " ^ of Kohler and Milstein were re- 

&s- d %ms " the basis £or more widesp 

use of new techniques. 

• ♦• « Although the first in vitro immunization 
L i„ vitro immunizations M th oug they haye nQt 

L procedures were ^f/^^or ^vantages of in vitro immuniza- 
into common use. The tw0 ™ aJ °,L ieen that is required (as low as 1 
. S s are the small amount o ^ the developing immune 

ne") and the lack of cellular «guw immunizations a 

Espouse. Both of these ^ctorsr^e^in v ^ used ^ 

potentially powerful development of high- 

< h^^o^et^Z^ -any of the antibodies that are 

Produced are from the IgM ' duce one viable hybrid- 

Ssiectrofuston PEG ^ fusions be be low the needed 

oma from 10 s starting cells ^ widespread use is 

efficiency. One method ha ^s gai n 8 dients acroS s cell 

fusing cells by applying high joltag membranes and L yield hy- 
populations-short bursts^tusea j successfully to hybndoma 
brid cells. This methods been «ppu production of 

production, and the higher fusion et ac y important for most 
Lore hybrid cells In general tta* > ha n by th 

fusions, because h^idoma P rod u ncy of hybrld oma pro- 

screening method ™** T ^Jg£ procedures are developed, this 

become increasingly valuable. iral vec tors hold the most 

, Retroviral vectors ^^^S^BX^b^^ct^ ceUv- 
promise for the effi^ to deliver oncogenes into 

^hese vector systems can be engi * tion of genes that wil 

cells. However, the exact _ gene antibody secretion has 

immortalize ceUs but ™ ™ ^ ^ be Uttle disC rimina- 

cel1 are routinely used - 
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4. Antigen-directed fusions A number of methods are being de- 
veloped that, prior to fusion, physically couple myeloma cells with 
cells that are secreting the desired antibodies. These techniques 
take advantage of the antigen-combining site of surface antibodies 
found on some secreting cells. This combining site is used as a 
target for a modified antigen* that will also bind to myeloma cells. 
After fusion, the frequency of appearance of hybridomas secreting 
the desired antibodies is much higher than in undirected fusions. 

5. Fusion partners More sophisticated methods of identifying cells 
that secrete the desired antibodies are being developed. Most of 
these methods use a fluorescence-activated cell sorter to identify 
and purify cells with surface immunoglobulins having the correct 
specificity. These cells then can either be fused with myeloma cells 
or transformed by other methods. These technologies will continue 
to improve, giving better and more refined choices for antibody 
selection prior to fusion or transformation. In addition, new 
myeloma fusion partners are constantly being described that have 
better properties for successful fusions. 

6. Defined medium Many of the growth factors that are necessary 
for the cultivation of hybridomas have been identified, and several 
defined medium have been developed. These culture conditions 
allow hybridomas to be grown in medium that do not contain other 
immunoglobulins (often bovine), and the low levels of proteins in 
these solutions make purification of antibodies from the tissue 
culture supernatants easier. 
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